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Detailed Description Text - DETX (7): 

To calibrate the series of infrared sensors it 
is necessary to record a 

minimum of five sets of temperature readings and 
the equalized temperature . 

The data is then supplied to a series of 
simultaneous equations set forth below 
in equation [1]. 


Detailed Description Text - DETX (11): 

In a discrete process the readings of the 
infrared sensors are time tagged 

and recorded at specific times for a specific food 
item and after all four 

readings are taken for a specific food item the 
calculation of the equalized 
temperature begins. 
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(57) ABSTRACT 

In the processing of an item, particularly a food item, where 
the final equalized temperature is important to the process¬ 
ing a method and apparatus for predicting the equalized 
temperature is disclosed. A series of infrared sensors is used 
to measure the rate of change of the surface temperature of 
an item after the item is exposed to a known thermal shock 
such as heating or cooling. The predicted equalized tem¬ 
perature can be calculated from the series of surface tem¬ 
peratures using least squares, non-linear regression tech¬ 
niques. One means for applying a thermal shock to an item 
would be the use of cryogens such as liquid nitrogen, carbon 
dixoide snow or synthetic liquid air (SLA). 

19 Claims, 7 Drawing Sheets 
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METHOD AND APPARATUS FOR 

PREDICTING THE EQUALIZED 
TEMPERATURE OF A FOOD PRODUCT 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for determining a prediction of the equalized temperature of 
a food product prior to the food product reaching its thermal 
equilibrium. More specifically, this invention is a method 
and apparatus for predicting such equalized temperature 
based on the response of the food product to thermal shocks. 

The food indudiy produces a large quantity of standard¬ 
ized food products. In order to control the processes used to 
make standardized food products the industry is relying to a 
greater extent on electronic control systems which monitor 
various food manufacturing processes and input variables in 
order to control the quality of the food product as well as to 
minimize waste and decrease costs. 

One problem asodated with the processing of food items 
is determination of the equalized temperature of the food 
item. The need for temperature measurement is particularly 
acute in the area of food cooking and/or frying systems 
where high heat transfer rates result in a significantly hotter 
surface surrounding a cooler core. The goal is to reach a 
certain equalized temperature for the entire food item which 
takes a certain amount of time to achieve while also mini¬ 
mizing the amount of energy required to achieve the equal¬ 
ized temperature. Likewise, for cryogenically cooled or 
frozen foods there is a need to have food items reach a 
certain equalized temperature specified by the needs of the 
food item while using the least amount of cryogen. 

An intrusive method of temperature determination such as 
the use of a temperature probe which is inserted into a food 
item has severe Imitations in measuring the equalized 
temperature of a food item in a continuous food processing 
environment. The temperature probe must be manually 
inserted into a food item which cannot then be further 
processed resulting in waste. Also, the amount of labor 
needed to monitor a significant number of food items 
invasively would be cost prohibitive. Furthermore, the 
actual equalized temperature can only be measured after a 
certain amount of time passes, perhaps as much as ten or 
twenty minutes, and, therefore, a large number of food items 
could be incorrectly processed before an error in the equal¬ 
ized temperature is detected. 

Another prior ait method of temperature measurement 
such as a single infrared sensor would only be capable of 
measuring the surface temperature of the product and not the 
equalized temperature throughout the product. 

In light of the foregoing, there is a need in the art for a 
method and apparatus which enables a food processor to 
predict or estimate the equalized temperature of a food item 
in a food processing line in a continuous manner without 
diverting actual food items from the processing line and 
using intrusive manual temperature testing. Furthermore, the 
method and apparatus need to allow the food processor to 
predict the equalized temperature of the food items imme¬ 
diately after a thermal shock is applied, i.e., cooking or 
cooling, , rather than after they have actually reached their 
equalized temperature, so that problems with the cooking 
process or cooling/freezing cryogenic process can be cor¬ 
rected in real-time. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
and apparatus for continuous prediction of the equalized 
temperature of a food item during processing. 
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Furthermore, the invention is directed to a method and 
apparatus for estimating such equalized temperatures in 
conditions of variable air flow and variable temperatures 
found in food processing. 

j In addition, the invention is directed to a method and 
apparatus which is non-intrusive and will not cause damage 
to food items. 

To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and broadly 
10 described herein, the invention includes an apparatus having 
an infrared sensor for measuring the surface temperature of 
a food item and means for applying a heat transfer shock of 
known quantity to the food item for a set length of time. At 
least two measurements of the surface temperature of the 
item are taken at specific times after the initial thermal shock 
and the equalized temperature of the food item is math¬ 
ematically predicted from the two measurements. 

In ODe aspect of the present invention the thermal shock 
and surface temperature measurement process is repeated in 
order to increase the accuracy of the predicted temperature. 
20 In another aspect of the present invention multiple surface 
temperature readings are taken after each application of 
thermal shock with feedback mecha nisms to after the mag¬ 
nitude of the thermal shock. 

In a further aspect of the present invention a plurality of 
25 infrared sensors are mounted over a food processing line so 
that food items pass under the plurality of sensors and an 
equalized temperature is predicted for a food item based on 
the readings from the plurality of sensors. 

In a still further aspect of the invention the information as 
30 to the predicted equalized temperature of the food product is 
logged in a computer database for use by the food processing 
system and for purposes of altering the magnitude of addi¬ 
tional thermal shocks to the food items. 

It is to be understood that both the foregoing general 
35 description and the following detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
40 further understanding of the invention and are incorporated 
in and constitute a pan of this specification. The drawings 
illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the inven¬ 
tion. In the drawings, 

FIG. 1 is a diagram of an embodiment constructed accord¬ 
ing to the present invention. 

FIG. 2 is a graph depicting the temperature curves result¬ 
ing from the application of the embodiment of FIG. 1. 

50 FIG. 3 is a diagram of a second embodiment of the present 
invention. 

FIG. 4 is a graph depicting a plurality of temperature 
readings taken over time, L 

FIG. 5 is a graph depicting a first set of measured and 
55 calculated results. 

FIG. 6 is a graph depicting a second set of measured and 
calculated results. 

FIG. 7 is a flow diagram of the prediction method used in 
the present invention. 

60 FIGS. 8A and 8B are top plan views of two possible 
embodiments according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

$5 Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. 
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In accordance with the invention, an apparatus and 
method for the prediction of the equalized temperature of a 
food item is disclosed in FIGS. 1-7. 

In FIG. 1 a diagrammatic representation of the an appa¬ 
ratus according to the present invention is depicted. Food j 
items 40 placed on conveyer 60 travel under a first infrared 
sensor 30 which provides a measure of the surface tempera¬ 
ture of the food item 40. A thermal shock is applied to food 
items 40 through a means for providing a thermal shock 60 
which could be a cryogenic sprayer for spraying liquid or 
vapor phase cryogen on food items 40 or an infrared heat 
source for heating food items 40. One skilled in the art will 
realize that there are many means for providing a thermal 
shock to food items 40 including but not limited to infrared, 
microwave, inductive, convective or conductive beating and 
mechanical refrigeration or cryogenic cooling or freezing. 
Cryogenic cooling could be accomplished through the use of 
cryogens such as liquid nitrogen, carbon dioxide snow or 
synthetic liquid air (SLA). After receiving a thermal shock 
food items 40 are carried by conveyer 60 under a series of 
infrared sensors 30 which each provide a signal to controller 
20 indicative of the surface temperature of the food items 40 
over a period of time. This sequence of events can be 
repeated one or more times. The variation of the rate of 
temperature change can be used to indicate the predicted 
equalized temperature of the product. Controller 20 can use 
the data regarding the predicted equalized temperature of the 
food product or items in order to control the means for 
providing a thermal shock 10 to the food items 40. Control¬ 
ler 20 could be a programmable logic controller (PLC) or 
other programmable computer such as a personal computer. 

The process described in regard to FIG. 1 results in a 
graph similar to that of FIG. 2. Reading 100 represents the 
temperature of a food item prior to application of the thermal 
shock. During time periods 120a a thermal shock is applied 
to the food items which is a cryogenic shock as depicted in 
FIG. 2 such that the temperature of the food item decreases 
as depicted in portion 110a of the temperature versus time 
plot of FIG. 2. After application of the thermal shock a series 
of temperature readings 130 are taken by infrared sensors 
30. As expected the readings indicate a warming of the 
exterior of the food item over time as the heat from the 
wanner core of the food item is thermally transferred to the 
exterior of the item. An additional thermal shock during time 
period 1206 decreases the temperature of the food item 40 
as seen in portion 1106 of FIG. 2. The difference in the rate 
of change of the temperature readings 130, i.e., the differ¬ 
ence between the slopes 150a and 1506 is indicative of the 
core temperature of the product. 

In FIGS. 3-4 a preferred embodiment of the present 
invention in which a means for applying a thermal shock is 


4 

product specific the final equalized temperature is calculated 
which can be supplied to a memory device 90 for use in the 
processing of the food items 40. 

To calibrate the series of infrared sensors it is necessary 
to record a minimum of five sets of temperature readings and 
the equalized temperature. 'Die data is then supplied to a 
series of simultaneous equations set forth below in equation 
[ 1 ] 

Tlx l +T2i I rT3x3+T4x4-T^, -/ [1] 

FIGS. 5 and 6 depict data from two sets of experiments 
comparing measured equalized temperatures with calculated 
equalized temperatures using the above method. The results 
is show that the equalized temperatures can be predicted 
within +-5%. 

FIG. 7 is a flow diagram of the method of predicting the 
equalized temperature of a food item. At steps 200 and 210 
an input from optical sensor 70 indicates when a plurality of 
20 food items 40 has exited the means for providing thermal 
shock 10 and indicates that a plurality of reading Tl, T2,13 
and T4 should be input from the infrared sensors 30 in step 
220 . 

In a continuous process the readings in step 220 are taken 
25 when the optical sensor indicated that the elapsed time since 
a food item has passed under the sensor is greater than the 
time necessary for the item to pass under all four infrared 
sensors 30 (T^) for a given belt speed (BS). The peak 
readings of each infrared sensor 30 are then used to calculate 
30 the equalized temperature. 

In a discrete process the readings of the infrared sensors 
are time tagged and recorded at specific times for a specific 
food item and after all four readings are taken for a specific 
food item the calculation of the equalized temperature 
35 begins. 

Independent of the use of the continuous or discrete 
method of capturing the temperature readings Tl, T2, T3, T4 
from infrared sensors 30 the next step is to calculate the 
Jacobian (J) using three sets of data, time (matrix x), 
40 temperature readings Tl, T2, T3 and T4 (matrix y) and a 
convergence criterion, matrix p. The temperature readings 
Tl, T2, T3 and T4 as well as the time at which they were 
taken are known. The set of convergence criteria, p, is 
initially a guess which is continuously recalculated lo until 
45 the change in the convergence criteria is negligible. A 
non-linear regression algorithm based on a Taylor expansion 
is used where second and higher order terms of the model 
parameters are neglected on the condition that perturbation 
in those terms will be small. Thus the Jacobian is represented 
below in equation [2]. 


«p 
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_ ( _ 
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(2) 


a cooker 10 which heats food items 40. The food items 40 
are then carried by conveyor 60 under a plurality of infrared 
sensors 30 which each provide a peak reading (Tl, T2, T3, 
T4) for each food item. A plurality of optical sensors 70 arc 
used to determine when a food item is passing under the 
infrared sensors 30. Using a set of known factors which are 


After calculation of the Jacobian matrix J for a given set 
of temperatures, times and convergence criteria (the Jaco¬ 
bian matrix J will be different for different model 
assumptions) the next step 240 is to calculate the difference 
(Ay) between the experimental values for y and those 
predicted by the model using the following equation [3], 


65 
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Ay =j*-cxp po + , ■ —- 
l ypi* * 

In step 250 a set of corrections to originally predicted 
values for convergence criteria, p, is calculated using the 
following equation [4]. 

AHJ r -J)r , -J r -Ay [4] 

If Ap is near zero then the equalized temperatures may be 10 
calculated. If not, then a new set of convergence criteria is 
calculated in the p'**p+Ap. The calculation of the Jacobian 
matrix, J, and Ay is reiterated until Ap approaches zero at 
which point the equalized temperature y can be calculated 
using equation [5]. 15 



P = Mp H 



[5] 


Although the present discussion and embodiments discuss 
a method of predicting the equalized temperature of a food 
item the process could be applied to non-food items which 
are heated or cooled and for which the final temperature of 
the item is important. The food or non-food items may be 25 
liquids, solids or mixtures thereof. 

FIG. 8A depicts the top plan view of a system according 
to the present invention in which food items 40 arc conveyed 
on belt 60 in direction A. Food items 40 are subject to 
thermal shocks using a means for applying thermal shocks 30 
10 which as stated above may be a cryogenic sprayer, 
mechanical refrigerator, fiyer, cooker, inductive heating 
element, conductive heating or cooling element, convection 
heater, infrared beater or other heating or cooling means. A 
single infrared sensor 30 is placed so as to measure the 35 
temperature of one food, item across the width of the belt. 
FIG. 8B depicts a top plan view of a similar system wherein 
a plurality of infrared sensors 30 are used to measure the 
temperatures of a plurality of food items across the width of 
the belt so as to insure that the food items across the belt are 40 
being processed in a like manner. 

In a preferred embodiment of the present invention a fust 
means for providing a thermal shock 10 would be a cooker, 
fryer or other beating means which would partially or fully 
cook a food item. A first Infrared sensor 30 placed after the 45 
first means for applying the thermal shock 10 enables the 
system to predict the equilibrium temperature of the food 
item 40 after cooking. This will then enable the controller 20 
to regulate the amount of cryogen or mechanical refrigera¬ 
tion needed to cool and/or freeze the partially or fully 50 
cooked food item using the next means for applying thermal 
shock 10. A series of means for applying thermal shocks 10 
as heat interspersed by sensors 30 can be used to control the 
final hot temperature of food items 40 while minimizing the 
amount of thermal energy needed to achieve a desired end 55 
result. Likewise, a series of means for applying thermal 
shocks 10 as cold can be used to control the final tempera¬ 
ture of food item 40 while minimizing the amount of energy 
needed to achieve the desired end result 

In such a cooking then freezing process it is possible to 60 
overheat the food thereby increasing the frying cost as well 
as the cost of energy required to freeze the product. For 
example where a product is overheated by 10 degrees 
Fahrenheit in a gas fired cooker where the product is being 
processed at 5000 pounds per hour it is estimated that the 65 
cost of the energy unnecessarily expended exceeds $12 per 
hour. 
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Although the present invention has been discussed with 
reference to a preferred embodiment, as will occur to those 
skilled in the art, numerous changes, additions and omis¬ 
sions may be made without departing from the spirit and 
scope of the present invention. 

We claim: 

1. An apparatus for predicting an equalized temperature of 
an item comprising: 

means for providing a thermal shock to said item; 

at least one sensor for determining a surface temperature 
of said item; and 

means for predicting a value of the equalized temperature 
of said item from a rate of change of the surface 
temperature of said item after said thermal shock and 
before said item reaches the equalized temperature. 

2. The apparatus of claim 1 further comprising a conveyor 
for moving said item from contact with said means for 
providing thermal shock. 

3. The apparatus of claim 2 further comprising an optical 
sensor for determining when surface temperature should be 
determined using said at least one sensor. 

4. The apparatus of claim 1 wherein at least one sensor is 
an infrared sensor. 

5. The apparatus of claim 1 wherein said means for 
providing a thermal shock to said item applies cold to said 
item. 

6. The apparatus of claim 1 wherein said means for 
providing a thermal shock to said item applies heat to said 
item. 

7. The apparatus of claim 5 wherein said means for 
providing a thermal shock to said item applies a cryogen to 
said item. 

8. The apparatus of claim 7 wherein the cryogen is 
selected from the group consisting of liquid nitrogen, carbon 
dioxide snow and synthetic liquid air. 

9. The apparatus of claim 1 further comprising a means 
for storing a plurality of predicted equalized temperatures 
for a plurality of items. 

10. The apparatus of claim 1 further comprising a con¬ 
troller for controlling is the means for providing a thermal 
shock to said item using at least one of the predicted 
equalized temperatures of said item. 

11. The apparatus of cl aim 1 further comprising a second 
means for providing a thermal shock to said item and a 
controller for controlling said second means for providing a 
thermal shock using at least one of the predicted equalized 
temperatures of said item. 

12. A method for predicting an equalized temperature of 
an item during processing of the item comprising the steps 
of: 

applying a thermal shock to said item; 

measuring a surface temperature of said item; and 

calculating a predicted value for the equalized tempera¬ 
ture of the item based on a first rate of change of the 
surface temperature of said item after applying said 
thermal shock and before said item reaches the equal¬ 
ized temperature. 

13. The method of claim 12 further comprising the steps 
of: applying at least one additional thermal shock to said 
item to provide a second rate of change of the surface 
temperature of said item, and calculating another predicted 
value for the equalized temperature of the item based on the 
difference between said first and said second rate of change 
of the surface temperature of said item. 

14. The method of claim 13 wherein the step of measuring 
comprises at east two measurements of the surface tempera¬ 
ture of said item over time. 
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15. The method of claim 14 wherein said at least two 
measurements are taken at separate and discrete time inter¬ 
vals. 

16. The method of claim 12 wherein the step of calcu¬ 
lating the predicted value includes an algorithm based on 
least squares, non-linear regression techniques. 

17. The method of claim 12 further comprising the step of: 
using the predicted value for the equalized temperature to 
control at least one of a magnitude and a duration of the 
thermal shock applied to said item. 
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18. The method of claim 12 wherein a first thermal shock 
is applied to said item using beat and the predicted value of 
the equalized temperature is used to control the temperature 
of the heat applied to said item. 

19. The method of claim 14 wherein a first thermal shock 
is applied to said item using heat and the predicted value of 
the equalized temperature is used to control a duration that 
said item is subject to heating. 
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[57] ABSTRACT 

A method for heating a metal ingot for a injection molding 
comprising steps of finding out a time in advance relating to 
the Hnv» required for heating up to a set temperature in a test 
by ineing a thermocouple and a timer in a test furnace, of 
heating the ingot to the set temperature by heating it for that 
period of time in an actual furnace and of measuring a 
temperature at that time by a radiation thermometer to 
reserve the te mp er a ture based on the measurement. Further, 
it comprises steps of detecting an oxygen concentration 
within an atmosphere of the heating chamber after evacu¬ 
ating the heating chamber of the metal ingot to fill with an 
inert gas and of controlling power fed to an induction 
heating coil to heat the metal ingot when the dete ct ed 
oxygen concentration within the atmosphere is below a 
predetermined value. 

2 Claims, 10 Drawing Sheets 
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METHOD AND SYSTEM FOR HEATING 

ingot for metal injection molding 
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readies the set temperature, whereupon the temperature of 
the Ingot is measured by means of a radiation thermometer 
for maintainin g the ingot at the measured temperature. 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for heating an 
ingot for mr*al injection molding, in which a metal ingot is 
heated to a predetermined temperature and main ta in ed at 

substantially that temperature, and to a metal beating system 
in which the generation erf oxides is suppressed by detecting 

an oxygen concentration prior to beating. 

2. Description of the Related Ait 
\Tpnn h eatin g ■" ingot erf a magnesium (Mg') or aluminum 

(Al) alloy (hereinafter simply called “ingot”) and maintain - IS 
ing the <mmr at a given temperature, it is important to be 
aware of an accurate temperature erf the metal ingot so as to 
provide a high quality mold. Thus, conventionally, arrange¬ 
ments have been made such that the temperature of the 
ingot, heated by an induction beater or a resistance heater, is 20 
measured by means of a radiation th ermom eter. Its tempera¬ 
ture is trought up to a predetermined level by controlling the 
supply of power to the heater, and the temperature is 
maintain ed for » predetermined period of time. The radiation 
thermometer referred to herein represents an instrument for 23 
measuring an apparent temperature of an article by observ- 


According to a second aspect erf the present invention. 
3 there is provided a metal ingot heating system comprising an 
oxygen sensor far sensing an oxygen concentration within 
an atmosph ere erf a heating chamber and a control circuit 
operable to energize an induction beating coil to heat the 
metal ingot when the sensed oxygen concentration within 
to the atmosp here is lower than a predetermined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The specific nature of the invention, as well as other 
objects, uses amt advantages thereof, will dearly appear 
from the description thereof and from the accompanying 
drawings, in whkht 

FIG. 1 is a sectional view of a main part of an injection 
molding apparatus to which an inventive method for heating 
an ingot of a metal injection molding is applied; 

FIG. 2 is a sectional view taken along line A—Ain FIG. 

l; 

FIG. 3 is a sectional view of a beating chamber as a test 
furnace; 

FIG. 4 is a block diagram illustrating the arrangement of 
n control system of an induction h earing control section; 


ing its thermal radiation. 

However, because emissivity changes depending on 
shape, surface roughness and surface condition of an ingot, 
temperature represented by the radiation thermometer flue- 30 
mates. While a correct temperature may be found out by 
burying a thermocouple directly into the ingot and by 

measuring the temperature thereof, it must be removed from 

the ingot in order to crush the ingot in succession thereafter 
and it has been difficult to cany out such work in a 35 
consecutive process. 

Hitherto, an inert gas is filled into the heating chamber in 
advance after evacuating it to prevent oxidation ctf the metal 
ingot in heating it However, because a concentration erf ^ 
oxygen in the atmosphere of the heating chamber was not 
confirmed with that method, a defective molding was some¬ 
times produced due to oxides generated by oxygen in the 
atmosphere. Another problem is that a m a gnesium or alu¬ 
minum alky, for example, may go up in flames. ^ 

SUMMARY OF THE INVENTION 

B is therefore an object of the present invention to provide 

a method and a system which enable a metal ingot to be 
heated at a predetermined temperature without concern ^ 
about dispersion of temperature i nd ica t ed by tile radiation 
themmmeter while beating the ingot and wink measuring 
the temperature thereof and which enable the temperature to 
be reserved thereafter with less fluctuation. 

Another object erf the present invention is to provide a j 3 
method and a system which enable molding of file ingert 
safely, in addition to that is preventing defective mo l di n gs 
from being produced by suppressing oxide from being 
produced by detecting an oxygen concentration before heat¬ 
ing the metal ingot. 60 

According to a first aspect of the present invention, there 
is provided a method of beating an ingot for metal injection 
molding , in which an advance test is conducted in a test 

furnace of the same type as an actual furnace to detect, using 

a thermocouple and a timet, a time involved in heating the 63 
ingot up to a set temperature thereof, and then the ingot is 
fronted in the actual furnace for the detected time until it 


FIG. 5 is a flow chart of a process for preparing a map in 
a preliminary test; 

FIG. 6 illustrates an example of the map prepared in the 
pr eliminar y test; 

PIG. 7 is a flow chart of heating and heat reserving 
processes in an actual furnace; 

FIG. 8 illustra tes the overall arrangement of die injection 
met ding apparatus to which an inventive metal ingot heating 
system is applied; 

FIG. 9 is a block diagram illustrating the construction of 
the inventive metal ingot healing system; and 

FIG. 10 is a flow chart explaining the sequential operation 
of the metal ingot heating system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, an injection molding apparatus 1 is 
equipped with an injector 3 containing a screw 2 and a 
material supplying chamber 18 for supplying raw materials 
to the injector 3. The material supplying ch a m be r 18 has, 
from top bottom thereof, an ingot introducing chamber 11 
(see FIG. 2), a heating chamber 12 as an actual furnace, a 
heat insulating chamber 13 and a chopping chandler 15 
equipped with choppers 21. 

The h«t insulating chamber 13 is surrounded by a heat 
reserving beater 31 and a cylindrical heat in su lat or 32. has 
a hei ght for fully storing one ingot, and is connected with a 
vacuum »nd gas pipe 33 at the upper part thereof. Evacua¬ 
tion is carried out or an inert gas is supplied via the vacuum 
and gas pipe 33 by switching it. 

The chopping chamber has a high-posilioo levd sensor 35 
and a low-position levd sensor 36 separated from each other 
in the direction of height thereof. Thermometers 37 for 
measuring a temperature distribution in the axial direction of 
the injector 3 are arranged in die axial direction. 

The choppers 21 are head members of crushing means 28 
and are connected to a motor 26 via a driving shaft 22, a 
swivel shaft 23. a biaxial gear case 24 and an deceleralor 25. 
The biaxial gear case 24 is an output distributor having one 
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input axis and two output axes and the two choppers 21 are 
rotated in die opposite direction from each other fcy one 
motor 26. 

In FIG. 2, Che beating chamber 12 is a vacuum beating 
container having a cylindrical ceramic holder 41, an induc¬ 
tion heating coil 42, a magnetic shielding material 43 and an 
outer cylinder 44. An upper shutter 45 is provided above the 
heating chamber 12, an ingot stopper 46 is provided within 
it and a lower shutter 47 is provided at the bottom thereof, 
respectively. 

Further, provided on the outside of the beating chandler 
12 is a radiation thermometer 49 for measuring a tempera¬ 
ture of an ingot W, via an opening 48 perforated radially 
through the bolder 41 and a radiant heat outlet 44a farmed 
on the outer cylinder 44, and for outputting a signal 49a 
which corresponds to the measured temperature. The radia¬ 
tion thermometer 49 is connected with an induction beating 
control section 59. 

The induction heating control section 59 is connected to 
the induction beating oral 42 to control power fed to the 
induction heating coil 42 based on the signal 49a from the 
radiation thermometer 49. 

FIG. 3 is a section view of a heating chamber of a test 
furnace, wherein the same reference numerals denote the 
corresponding parts in the heating chamber 12 . The heating 
chamber 70 of the test furnace has the same shape, volume 
and material with the heating chandler 12 of the actual 
furnace. While temperature of the ingot W is measured by 
using the radiation thermometer 49 in the heating chandler 
12. it is measured by using a thermoelectric thermometer 71 
utilizing a thermocouple in the heating chamber 79. A 
material and a wire diameter which will not be affected by 
the induction heating are used for the thermoelectric ther¬ 
mometer 7L 

Essentially, one end of the thermoelectric thermometer 71 
is inserted in the ingot W via aa upper opening cf the heating 
chamb er 70 dosed by a glass wool 72 and the other end 
thereof is connected with an indicator Then, although not 
shown, the induction heating coil 42 is controlled by the 
induction heating control section in the same manner as the 
case of the actual furnace. 

FIG. 4 is a block diagram illustrating the construction of 
a control system of the induction beatiag control section 59. 

The induction heating control section 59 co mprises a 
photo detector and photoelectric signal converter section 
(hereinafter referred to as a signal converter section) 51. a 
target temperature programmed temperature regulator 
(hereinafter re f er red to as a programmed temperature 
regulator) 52. a target te mp er a ture set value externally 
inputting temperature regulator (hereinafter ref err e d to as an 
externally inputting temperature regulator) 53, an analog 
memory 54, a sequencer 69 and a relay 55. 

The signal converter section 51 receives via an optical 
fiber 49a light output from the fiber radiation thermo m eter 
(radiation thermometer 49) which has measured a tempera¬ 
ture of the ingot W and coaverts the light into an electrical 
signal to be output as a measured te mp er at ure signal 51 a. 

The programmed temp er at ure regulator 52 receives the 
measured temperature signal 51a as a measurement and 
outputs it to the analog memory 54 as a measured tempera¬ 
ture signal 52a. A timer (not shown) is provided within the 
programmed temperature regulator 52. It starts to time when 
a beating starting command signal (RUN signal) 58a is input 
in heating and reserving a te mp er a ture in the actual furnace 
and is reset when a time tl, found out based on a map 
(described later) prepared in advance, elapses. It is noted 
that the timer is reset in theonitial state. 
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After receiving the heating starting command signal 58a 
and starting to time, the programmed t em per a ture regulator 
52 compares a time being timed by a PID adjustor or the tike 
with the heating time tl found out from the map and controls 
5 power fed to the induction healing coil 42 by outputting a 
heating power control signal 52b through beating power 
control means 62 composed of a relay and the like for 
example until when the temperature readies to the heating 
time tl. When it reaches to the heating time tl, the pro- 
grammed temperature regulator 52 outputs a temperature-up 
time elapse signal 52c to file analog memory 54. The analog 
memory 54 is composed of an A/D Converter, a digital 
memory and a D/A converter fen example. Receiving the 
temperature-up rime elapse signal 52c. it stores a measured 
temperature signal 52a at that time as a target temperature 
13 Tl and outputs it as a measurement signal 54a to the 
externally inputting temperature regulator 53. 

The externally inputting temperahre regulator 53 com¬ 
pares the measured temperature signal 51a with the mea¬ 
surement signal 54a by a FID controller or the like, com- 
20 putes a degree to be corrected and outputs a healing power 
control signal 53a to the heating power control means 62 to 
control the power fed to the induction beating ooil 42 so that 
the target temperature Tl is attained Further, when the 
externally inputting temperature regulator 53 receives a stop 
15 command signal 59a, it controls the beating power control 
means 62 through the healing power control signal 53a so as 
to stop the power fed to the induction beating cofl 42. 

The sequencer 60 performs a sequential operation ccrre- 
spending to the test furnace (in preparing the map) and the 
actual furnace (in heating and reserving temperature) and 
comprises a temperature set value switching signal input 
circuit 56, a relay switching circuit 57, a heating starting 
command circuit 58 and a heat reserving time coclxoi circuit 

35 59 

The temperature set value switching signal input circuit 
56 outputs a switching command signal 56a when it receives 
the temperature-up time elapse signal 52c to the relay 
switching circuit 57. 

40 When the relay switching circuit 57 receives the beating 

souring command 58c from the hearing starting command 
circuit 58 or the switching command signal 56a from the 
temperature set value switching signal input circuit 56, it 
outputs a feeding command signal 57a far switching the 
4 j programmed temperature regulator 52 and the externally 
inputting temperature regulator 53 to a relay 55. 

When an ingot beating start switch 61 for heating the 
ingot is turned ON, the heating starting command circuit 58 

irnljnita the heating starting command aignati Stii nndSKr In 

jo connect the p rogr a mmed te m per at ure regulator 52 to the 
beating power control means 62. When a heating start 
command signal 58b far reserving heat is output, it outputs 
the heating start command signal 58c to the relay switching 
circuit 57 to connect the externally inputting temperature 
jj regulator 53 to the heating power control means 62 and 
outputs a heating starting command signal SSd to the heat 
reserving time control circuit 59. 

A timer (not shown) which starts to time when tiie heating 
starting command signal SSd is input and is reset when a 
60 preset time, eq}., three hours, has elapsed is provided within 
the heat reserving time control circuit 59. When such time 
elapses, the beat reserving time control circuit 59 outputs a 
stop command signal 59a to the externally inputting tem¬ 
perature regulator 53. 

65 Operations for preparing the map described above and for 
heating the ingot and reserving the temperature thereof will 
be explained below. 
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FIG. 5 is a flow chart in preparing the map in a prelimi¬ 
nary test, wherein SI through S9 denote each step of the 
sequential operation. 

The map is prep ar ed based on the measurement made in 
the heating chamber of the test furnace constructed as 5 
described above before the heating/heat reservation is car¬ 
ried out in the actual furnace and shows a relationship 
between a heating time until when the ingot is heated up to 
the set temperature and a weight of the ingot. It is noted that 
reference will be made to FIGS. 3 and 4 as accessary. 

The weight of the ingot W is measured at first in setting 
a temperature-up time in the test furnace in Step SI. Based 
on the weight of the ingot, the process is switched so as to 
target at the set value of the heating time of the p r o gr a mmed 
temperature regulator 52 in Step S2. The command for 
starling heating is issued as a beating switch is turned ON in 
Step S3. Bower is then fed to the induction heating coil 42 
by the heating command signal and the ingot W is started to 
be heated in Step S4. 

When the temperature begins to be increased, a time 
needed to reaching the target set temperature is measured by 20 
using a stop watch for example in Step S5. At the same time, 
the temperature of the ingot W begins to be measured by 
means of the thermoelectric thermometer 71 in Step S 6 and 
when an indicated value of the indicator 73 shows the target 
set temperature in Step S7, the measurement of the time is 23 
stopped in Step S 8 and the power fed to the induction 
heating coil 42 is stopped to stop heating the ingot W in Step 
S9. The time measured in Step S 8 above is considered as the 
heating time tl. 

FIG. 6 shows one example of the map prepared in the so 
preliminary test described above and shows a case when the 
ingot W is heated from 40 p C. to 560° C. Hoe, the horizontal 
axis represents the weight of the ingot (in unit of gram) and 
the vertical axis represents the heating time (in unit of 
second). M 

FIG. 7 shows a flow chart in beating die ingot and 
reserving the temperature thereof in the actual furnace, 
wherein Sit through S2t denote each step in the s e q ue n ti al 
operation. It is noted that reference is made to FIGS. 3 and 
4, as necessary. ^ 

To heat the ingot and to reserve the temperature thereof in 
the actual furnace, die ingot bearing starting switch 41 is 
turned ON at first, the feeding crvnmarwt signal 57a is output 
from the relay switching circuit 57 based on the hearing 
starting command signal 58c from the heating starting ^ 
command circuit 58 and the relay 55 is driven to connect the 
programmed temperature regulator 52 to the healing power 
control means 62 in Step Sit. 

Receiving the heating starting command signal 58a from 
the heating starting command circuit SB, the pro g r amm ed x 
temperature regulator 52 outputs the measured temperature 
signal 52o which corresponds to the temperatwe of the ingot 
W measured by the radiation thermometer 49 to the analog 
memory 54 and outputs the heating power control signal 52b 
to feed power to the induction heating coQ 42 and to start to 35 
heat the ingot W in Step Sll. 

At the same time, the pro&ammed temperature regulator 
52 starts to time by the timer, compares a time of the timer 
with the heating time tl found out from the map When the 
time reaches to the heating time in Step S12, it outputs the to 
temperature-up time elapse si gnal 52c to the analog memory 
54 as a measured output fixing command signal and stores 
the measured temperature signal 52a in the analog memory 
54 as a measured value Tl (target t em per a t u r e ) in Step S13. 

This stored measured temperature signal 52a is input to 63 
the externally inputting temperature regulator S3 as the 
measurement signal 54a in Step S14. 
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The temperature-up Htw elapse signal 52c is input simul¬ 
taneously to the externally inputting temperature regulator 
S3 and the temperature set value switching signal input 
circuit 56 and the relay 55 is driven via the relay switching 
circuit 57 to connect the externally inputting temperature 
regulator 53 to file healing power control means 62 in Step 
S15. 

The externally inputting temperature regulator 53 outputs 
the heating power control signal 53a to the heating power 
control means 62 to feed power to the induction beating coil 
42 to start to reserve the temperature of the ingot W targeting 
at the temper a t u re of file above-mentioned measured value 
Tl in Step S16. 

At the same time when the heating starting command 
signal 58d is input to the heat reserving time control circuit 
59, the timer in the heat reserving time control circuit 59 
starts to time. After a predetermined time set in advance 
(Step S17) and when the ingot W is replaced in Step S1&, the 
weight of the ingot W is measured in Step S19. If the weight 
of the ingot W is the same with that of the previous ingot W, 
the process returns to the beginning of the flow chart If it is 
different at step S20. the process returns to Step S2 to repeat 
the same process. 

When no ingot W is replaced, the stop command signal 
59a is output to end the heating (heat reservation) of the 
ingot, i.e^ to stop the machine. 

That is. the present invention allows the temperature to be 
increased in the actual furnace up to the set temperature 
accurately, similarly to the case when the thermocouple Is 
used, and the temperature to be main tained so that it allows 
the dispersion of the te mp e ra ture during beating and heat 
reservation to be reduced and the quality of metal molding 
to be improved. Further, because it requires no weak of 
removing the thermocouple or the like, the heating and heat 
reservation may be carried out in a consecutive process, thus 
improving the productivity of the metal molding. 

Next, a system for heating the metal ingot will be 
explained. 

In FK}. 8 , a die 4 is connected to one end of the screw type 
injector 3. The metal ingot heating machine comprises a 
vacuum pomp 5, Le.. evacuating means for evacuating the 
heating chamber 12 . an inert gas cylinder 6 . an oxygen 
sensor 7 and a control circuit 86 . 

The ingot supplied to the heating chandler 12 from the 
ingot introducing chamber 11 . while being controlled 
sequentially by the control circuit 86 , is heated into a 
semi-molten state. The semi-molten ingot W is transported 
down to the heat reserving chamber 13, is crushed by the 
choppers 21 and is injected via the chopping chamber 15 
into a cavity 16 of the die 4 directly or indirectly by the 
screw 2 . 

A galvanic cell type oxygen sensor whose structure is 
simple for example is used far the oxygen sensor 7. A current 
generated by the oxygen sensor 7 is taken out by converting 
it into a voltage by a load resistor or by a current amplifier 
to detect an oxygen concentration having a relationship 
proportional to the sensor output 

FIG. 9 is a Mock diagram of die inventive metal ingot 
heating system. 

The vacuum pump 5 is connected with the heating cham¬ 
ber 12 via a change-over valve 81 and air within the heating 
chandler 12 is evacuated when the vacuum pump 5 is driven. 
A degree of vacuum of the heating chamber 12 is detected 
by a vacuum guage 82 provided between the vacuum pump 
5 and the switching valve 81. 
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The inert gas cylinder 6 is connected with the heating 
chamber 12 via a change-over valve 83 to flow an inert gas 
to the heating chamber 12 while regulating a fi l li ng pressure 
by a pressure control valve 84 provided between the inert 
gas cylinder 6 and the change-over valve 83. The filling 5 
pressure is detected by a pressure guage 85 provided 
between the heating chamber 12 and the change-over valve 
83. 

The oxygen sensor 7 is connected with the heating 
ftumher 12 via a change-over valve 86 and detects an 10 
oxygen concentration within an atmosphere discharged to 
the outside passing through a flow meter 87 interposed 
between the oxygen sensor 7 and the. change-over valve 86. 

A filter 88 is interposed between the heating chamber 12 and 

the change-over valve 86. 15 

A switch 89 is interposed between a power circuit 99 and 
the induction tearing coil 42 to supply current to the 
induction heating coil 42 to heat flic ingot W. 

The control circuit 8# is connected with the vacuum pump M 
5, the change-over valves 81. 83 and 86 and the switch 89 
to switch than in accordance to a preset sequence. The 
control circuit 88 is connected also with the vacuum guage 
82, the pressure guage 85, the flow meter 87 and the oxygen 
sensor 7 to determine a degree of vacuum, pressure, flow M 
amount and oxygen concentration at each sequential opera¬ 
tion. 

The sequential operation of the metal ingot heating sys¬ 
tem constructed as described above will be explained below 
with reference to FIGS. 9 and 19. 30 

The change-ova valves 81,83 and 86 are dosed and the 
switch 89 is turned OFF in the initial setting in healing the 
metal ingot. 
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89 outputs a value On receiving signal 88e the change-over 
valve 86 in Step S37. Then, the control circuit 80 receives 
a flow ««“»* confirming signal 87a from the flow meter 87 
to confirm whether or not an amount of the flowing out inert 

gas atmosphere has reached a predetermined flow amount in 

Step S38. 

When flic amount of the inert gas atmosphere has reached 
the predetermined amount, the control circuit 89 determines 
whether the oxygen concentration is less than a predrter- 
mined value or not based on an oxygen confirming signal 7a 
output from the oxygen sensor 7 in Step S39 and when the 
oxygen concentration within the beating chamber 12 is less 
than the predetermined value, e.g_ less than 10 ppm. control 
circuit 80 determines that the oxygen concentration is what 
is allowable to heat by the induction heating coil 42. If the 
oxygen conce n tr a t i on is more than the predetermined value, 
the Step S39 is continued. 

When the oxygen concentration is determined to be less 
than the predetermined value in Step S39, die control circuit 
80 outputs a beating requesting signal 80f to the switch 89 
to dose the switch 89 and to heat the induction heating cofl 
42 in Step S49, thus completing the scries of sequences. 

II is noted that the signal of the oxygen sensor may be 
used arbitrarily, not only as the condition for starting heating 
but also as a condition of an alarm signal in the middle of 
heating. 

As described above, the inventive metal ingot beating 
system is equipped with the oxygen sensor for detecting an 
oxygen concentration w ithin an atmosphere of the beating 
chamber and the control circuit detects the oxygen concen¬ 
tration within the atmosphere of the heating chamber by the 
oxygen sensor after flowing the inert gas to the heating 
chamber and before heating the metal ingot, so that the 


In a state when the ingot W is sealed in the heating oxygen concentration may be monitored before he a ting . 
rfiamhff 12 , flic control circuit 89 outputs a pump operating 33 Accordingly, It allows metal ingots to be heated under an 
command stgpal 89o to the vacuu m pump 5 at lust to operate adcq natr ox ygen concentration and good moldings c ont a i n - 

ttif vannnn pump 5 and to start the evacuation of the healin g jug n rrr tHr products to be obtained by suppressing the 


chamber 12 in Step S3L 

The control circuil 89 outputs a valve On signal 89b to the 

change-over valve 81 to open the change-over valve 81 to be 

ready for the evacuation of the heating chamber 12 in Step 
S32. At this time, the control circuit 89 monitors a vacuum 
confirming signal 82a indicating the degree of vacuum from 
the vacuum guage 82 to confirm the dcpec of vacuum 
w ithin the beating chamber 12 with it in Step S33. 

Receiving the vacuum confirming signal 82a in H level 
jffdirating that the degree of vacuum has reached to a 
predetermined value. e.g», l(T 2 torx, the control circuit 89 
outputs a valve Off signal 80c to the change-over valve 81 
to dose the change-over valve 81 to hold the vacuum stale 
of the beating chamber 12 in Step S34. 

Next, the control circuit 89 outputs a valve On sign al 89d 
to the change-over valve 83 to cause the beating chamber 12 
to communicate with the inert gas cylinder 6 and to flow the 
inert gas to the heating chamber 12 while regulating the 
filling pressure by the pressure regulating valve 84 in Step 
S35. Because the heating chamber 12 has been evacuated by 
the evacuation in Step S34 at this time, the inert gas is 
flowed into the heating chamber 12 quickly. 

A gas pressure within the heating chamber 12 is moni¬ 
tored by the control circuit 89 based on a gas pressure 
confirming signal 8Sa from the pressure gage 85 (Step S36) 
and when the gas pressure confirming signal 85a in H level 
indicating tb«t the pressure within the heating chamber 12 
has reached to a certain pressure, e.g., an atmospheric 
pressure, is input to the control circuit 80, the control circuil 


production of the oxide product 

Further, because heating of the heating chamber is started 
w only when the oxygen concentration within the atmosphere 
of the heating chamber detected by the oxygen sensor is less 
than the predetermined value according to the present 
invention, it becomes possible to safely mold even a metal 
such as a magnesium alloy or an al uminum alloy which 
* 5 bums violently when the oxygen concentration is high and 
Is advantageous in controlling the quality of products. 

While preferred embodiments have been described, varia¬ 
tions thereto will occur to those «MII«i in the art within the 
x scope of the preseat inventive concepts which are d e l ine a t ed 
by the following claims. 

What is ri aimed is: 

1. A method for heating an ingot for injection molding by 
Keating the ingot while measuring a temperature thereof by 
jj a radiation thermometer, 

said method comprising the steps of: 
p lacing the ingot in a test furnace which is a same type of 
fu mace as an actual furnace, and using a thermocouple 
as a first wvik for measuring a temperature of the 
60 in got, and heating the ingot for a beating time tl that 
ends when a measured value of said thermocouple 
reaches a set value; 

pinning Mid ingot in said actual furnace which is equipped 
with a radiation thermometer as a second means for 
£5 mn«qwing a temperature of the ingot, and beating the 
ingot to obtain a measured value Tl of said radiation 
thermometer when the ingot has been heated for a tune 
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rg m .1 to the heating time tl; and contin u ing heating cf 
said ingot by targeting the temperature Tl of said 
radiation thermometer as a temperature to be 
controlled, wherein the ingot is crashed to feed to a 
screw of an injection molding machine. 
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2. A method for heating the ingot for injection molding, 
according to claim 1, wherein said set value is determined 
based on a m»p p re pared in advance showing a relationship 
between a weight of the ingot and the beating time. 


* * * * * 
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[57] ABSTRACT 

A computer controlled, fully automatic wok cooking 
system prepares stir-fried, Chinese dishes according to 
arbitrarily selected customer orders entered at a point- 


of-sale computer. The computer integrates the opera¬ 
tion of the conveyer, cooking, dispensing, and point of 
sale entry devices according the order, menu and ingre¬ 
dients, A conveyor belt including a plurality of woks 
draws the woks through a plurality of cooking stations. 
Each station is provided with a burner or heating ele¬ 
ment and a dispensing station controlled by the com¬ 
puter according to the customer enterd order. Oil or 
condiments are added at a first station by a correspond¬ 
ing plurality of dispensers and at subsequent cooking 
stations the food ingredients are cither stirred or addi¬ 
tional spices, food ingredients and condiments added by 
corresponding dispensers. At the last cooking station, 
additional food ingredients, such a vegetables, nuts or 
other ingredients requiring shorter cooking times, are 
added and cooking is completed. The completed short 
order stir-fried dish is then delivered to a serving con¬ 
tainer at a delivery station. The emptied wok is ad¬ 
vanced by the conveyor system through a plurality of 
cleaning stations, where the wok is inverted, washed, 
scoured, rinsed and dried. The cleaned and dried wok is 
then returned by the conveyor system to the initial 
cooking station to begin the cooking process again ac¬ 
cording to the then appropriate customer order. 


18 Chums, 6 Drawing Sheets 
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COMPUTER CONTROLLED, FULLY 

AUTOMATIC, SHORT-ORDER WOK COOKING 
SYSTEM FOR PREPARING STIR-FRIED CHINESE 

FOOD 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of auto¬ 
mated restaurant cooking methods and apparatus, and 10 
in particular to a conveyor-belt, computer controlled 
system for providing short order stir-fried meals. 

2. Description of the Prior Art 

Automatic food processing equipment which utilizes 

conveyor systems are wefl known. Typically, such mass 15 
production food-processing equipment is used for pro¬ 
ducing a single type of food item. See, for example, 
BORSUK, “Method and Apparatus for Continuously 
Cooking Loaf Meat”, U.S. Pat No. 4,801,564 (1978); 
LATHAM et al., “Omelet Preparing Machine and Pro- 20 
cess”, U.S. Pat. No. 3,782,169 (1974); LEE, “Fortune 
Cookie Machine”, U.S. Pat No. 4,339,993 (2982); DIE- 
NER et aL, “Automatic Food Cooking Machine”, U.S. 
Pat No. 4,548,130 (1985); KANAGL “Apparatus for 
Automatically Coolring Products Made of Batter, Such ^ 
as Pancakes”, U.S. Pat No. 4,583,451 (1986); 
SUGIMURA, “Process for Continuous Rice Cooking 
by Steaming and Apparatus Therefor”, U.S. Pat No. 
4,571342 (1986); and ZETTLIN, “Automatic Turnover 
Machines”, U.S. Pat No. 2,855,867 (1958). 30 

Even in automated conveyor foodprocessing sys¬ 
tems which utilize computer control, the computer 
controlled mechanism is utilized for process monitoring 
of the manufacture of a single type of foodstuff. See, for 
example BULLERCOLTHURST, “Multi-Conveyor 35 
Processing System”, U.S. Pat No. 4,610,886 (1986) and 
U.S. Pat No. 4,644,857 (1987). 

Prior art devices which are capable of delivering 
several different types of food do so only in connection 
with minimal processing of an otherwise completely 40 
prepared, instant-food item, such as by adding hot 
water to a dehydrated food package, as shown in 
HARASHIMA, “Food Vending Machine with Cook¬ 
ing Apparatus”, U.S. Pat No. 4,030,632 (1977); and 
RUB1NO, “Vending Machine with Fast Cooking 43 
Means”, U.S. Pat No. 3334,676 (1970). 

Such apparatus and methods, which provide for mass 
production of food items allowing some control or 
variation of the foodstuff, is largely limited to adding 
mixtures of flavor enhancers to a single type of food- 50 
stuff such as shown by BUCKHOLZ et al., “Mixed 
Seasoning”, U.S. Pat No. 4,514,094 (1985) or allows for 
some type of a customized cooking operation of a stan¬ 
dardized foodstuff without any ability to substantially 
change or arbitrarily compose the recipe such as shown 55 
in RULLMAN, “Apparatus for Pro cessin g Food”, 
U.S. Pat No. 3,702383 (1972) or BARTFIELD, “Ap¬ 
paratus for Dispensing Individual Orders of a Hot Food 
Product and Components Usable Therewith”, U.S. Pat 
No. 4,438,683 (1984). 60 

What each of these prior art devices fails to show, 
either alone or in combination, is a methodology which 
can be performed in an automated food processing or 
cooking system for the control of a multiplicity of arbi¬ 
trarily chosen, individualized cooking operations, such 65 
as temperatures, cooking times, stirring, addition of 
ingredients and the like on a dish-by-dish basis accord¬ 
ing to arbitrary customer order selection or short order. 
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Therefore, what is needed is a methodology and appara¬ 
tus which can provide for automated fast food cooking 
of arbitrarily selected short orders. 

BRIEF SUMMARY OF THE INVENTION 

The invention is an apparatus for fully automatic 
cooking of short order meals comprising a plurality of 
cooking containers, and a conveyor for advancing the 
plurality of cooking containers along a predetermined 
path. A heating mechanism or burner heats the plurality 
of cooking containers as the cooking containers are 
advanced along the predetermined path by the con¬ 
veyor. A food dispensing mechanism selectively dis¬ 
penses a selected amount of selected food to a selected 
one of the cooking containers at a selected point on the 
predetermined path. A stirring mechanism stirs food 
ingredients within selected ones of the cooking contain¬ 
ers at selected points on the predetermined path. A 
computer control mechanism is coupled to the con¬ 
veyor, heating mechanism, food dispensing mechanism 
and stirring mechanism for controlling operation of 
each of the mechanisms according to an arbitrarily 
selected customer order which is selectively assigned to 
each one of the cooking containers as each cooking 
container is advanced along the predetermined path. 

As a result, cooked meals are automatically prepared 
according to a short order selection entered through the 
computer control mechanism. 

In the preferred embodiment the cooking containers 
are woks. The food dispensing mechanism comprises 
spice/condiment dispensing mechanisms for selectively 
providing at least one spice/condiment among a plural¬ 
ity of spice/condiments and a food ingredient mecha¬ 
nism for selectively providing at least one type of food 
ingredient 

The computer control mechanism comprises a point- 
of-sale entry mechanism for entering an arbitrarily se¬ 
lected customer order, and a computer for generating a 
sequence of timed control signals corresponding to each 
the arbitrarily selected customer orders. A controller 
mechanism generates drive signals for the conveyor, 
beating mechanism, food dispensing mec hanism , and 
stirring mechanism to execute the sequence of timed 
control si gnals corresponding to the arbitrarily selected 
customer order. 

The heating mechanism comprises a plurality of sepa¬ 
rate heating elements. Each element is separately con¬ 
trolled by the computer control mechanism to provide 
a selected degree of heat for a corresponding selective 
period of time. 

The apparatus further comprises a mechanism for 
removing the food ingredients from each of the plural¬ 
ity of cooking containers after the corresponding food 
ingredients have been completely prepared, and a clean¬ 
ing mec hanism for cl eanin g each of the plurality of 
cooking containers after the food ingredients have been 
removed from each corresponding cooking container. 

The cleaning mec hanism comprises washing mecha¬ 
nism for washing each cooking container with a wash¬ 
ing solution. A scouring mechanism scours each cook¬ 
ing container. A rinsin g mechanism rinses each cooking 
container, and a drying mechanism dries each cooking 
container as the plurality of cooking containers are 
advanced along the predetermined path. 

The invention is also a method for automatically 
preparing arbitrarily selected, short order meal s com¬ 
prising the steps of disposing food ingredients into a 
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mnlring container according to arbitrary customer se¬ 
lection. The food ingredients are disposed into the 
cooking container by a food dispensing m e c hanism 
controlled by a computer control me c h anism into 
which the customer selection is entered. The selected 5 
food ingredients are advanced on a conveyor system 
through a plurality of subsequent cooking stations. 
Food ingredients are selectively disposed into the con¬ 
tainer at preselected ones of die plurality of cooking 
stations. The food ingredients are then selectively ma- 10 
nipulated in the cooking container at selected ones of 
the cooking stations according to the customer order 
entry as controlled by the computer controlled mecha- 
nism. The hen ting and timing of the food ingredients 
within the cooking container are selectively controlled ** 
at of the plurality of cooking stations. The food 
ingredients within the cooking container are delivered 
when the ingredients are completely prepared accord¬ 
ing to the arbitrarily entered customer order. 

As a result, short orders originated by customers are 
prepared in a fully automated method. 

The method further comprises performing the steps 
of selectively advancing the food container, selectively 
disposing food ingredients therein, selectively manipu- 
Iating the food ingredients therein, selectively heating 
the food ingredients therein and delivering the food 
ingredients in a plurality of cooking containers. Each of 
the cooking containers is advanced on a conveyor sys¬ 
tem among the plurality of cooking stations. The steps -jg 
are simultaneously performed in corresponding order to 
the position of the cooking container within the plural¬ 
ity of cooking stations according to the significance 
attached to each cooking station by the customer en¬ 
tered short order. 35 

The method further comprises the steps of cleaning 
the cooking container and returning the cooking con¬ 
tainer for reuse for a subsequent customer short order. 
The method comprises the steps of cleaning the plural¬ 
ity of cooking containers at predetermined stations 40 
within the conveyor path and returning each of the 
flmifd cooking containers in sequence for reuse in a 
plurality of subsequent customer short order entries. 

The invention includes an i m p ro ve m ent in an appara¬ 
tus for automatically cooking a plurality of arbitrarily 45 
separately selected short order meals. The apparatus 
comprises a sptce/condiment dispensing mechanism for 
selectively dispensing (me of a plurality of spice/condi- 
ments. 

The invention and its various embodiments may be 50 
better visualized by now turning to the following draw¬ 
ings wherein like dements are referenced by like nu¬ 
merals. 

BRIEF DESCRIPTION OF THE DRAWINGS J5 

FIG. I is a diagrammatic top plan and partially cut¬ 
away view of a conveyor system devised according to 
the invention. 

FIG. 2 is a diagrammatic cutaway side view of the 
system as shown in FIG. 1- 60 

FIG. 3 is a diagrammatic cutaway end view of the 
system of FIGS. 1 and 2. 

FIG. 4a is a highly simplified plan view of a wok in 
the delivery position of the system of FIGS. 1-3 before 
it is tilted for food delivery. 65 

FIG. 46 is a highly simplified side view of the wok of 
FIG. 4a in the delivery position of the system of FIGS. 
1-3 after it is tilted for food delivery. 
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FIG. 5 is a simplified block diagram of the informa¬ 
tion and control circuitry utilized in combination with 
the present invention. 

FIG. 6 is a simplified block diagram of the informa¬ 
tion and control circuitry utilized in the interface unit of 
FIG. 5 in relation to the food dispensing units. 

FIG. 7 is a simplified block diagram of the informa¬ 
tion and control circuitry utilized in the interface unit of 
FIG. S in relation to the temperature control setting and 
sensing units in the wok subsystem. 

FIG. 8 is a timing diagram depicting the methodol¬ 
ogy used in the wok subsystem of the illustrated em¬ 
bodiment. 

FIG. 9 is a flow diagram depicting the computer 
controlled methodology of the illustrated embodiment. 

The invention and its various embodiments may be 
better understood by now turning to the following de¬ 
tailed description. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present system is an apparatus and a method for 
computer controlled, fully automatic, short-order wok 
twilring which is typically used to prepare stir-fried 
foods, commonly u tilized in oriental or Chinese cuisine. 

A computer controlled, fully automatic wok cooking 
system prepares stir-fried, Chinese dishes according to 
arbitrarily selected customer orders entered at a point- 
of-sale computer. The compter integrates the operation 
of the conveyer, cooking, dispensing, and point of sale 
entry devices according the order, menu and ingredi¬ 
ents. A conveyor belt including a plurality of woks 
draws the woks through a plurality of cooking stations. 
Each station is provided with a burner or heating de¬ 
ment and a dispensing station controlled by the com¬ 
puter according to the customer entered order. Oil or 
condiments are added at a first station by a correspond¬ 
ing plurality of dispensers and at subsequent cooking 
stations the food ingredients are either stirred or addi¬ 
tional spices, food ingredients and condiments added by 
co rre sponding dispensers. At the last cooking station, 
additional food ingredients, such a vegetables, nuts or 
other ingredients requiring shorter cooking times, are 
added and cooking is completed. The completed short 
order stir-fried dish is then delivered to a serving con¬ 
tainer at a delivery station. The emptied wok is ad¬ 
vanced by the conveyor system through a plurality of 
rl caning stations, where the wok is inverted, washed, 
scoured, rinsed and dried. The cleaned and dried wok is 
then returned by the conveyor system to the initial 
cooking station to begin the cooking process again ac¬ 
cording to the then appropriate customer order. 

As best depicted in FIG. 5, the system comprises a 
point-of-sales computer, generally d en o t e d by reference 
numeral 10. which is placed at the customer counter or 
other appropriate location where the customer’s order 
is taken and logged into computer 10 by keyboards 11 
or other equivalent means and displayed in a corre¬ 
sponding CRT displays 13a-c. CRT display 13a is a 
monitor which may be viewed from the customer and 
packaging station reserved in the restaurant for takeout 
service, while monitor 136 is positioned at a deep fat 
frying station in the food preparation area. Monitors 13c 
are viewable by the customer, who can track the prepa¬ 
ration of his meal on the monitor or view other advertis¬ 
ing and promotional messages thereon. The conveyor 
system of FIGS. 1-3 prepares automated stir-fried 
foods, while deep fat fried foods are prepared manually 
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at a separate station, not shown, in a conventional man¬ 
ner. 

The internal architecture and circuitry of computer 
10 is conventional, e.g. a IBM PC-AT or compatible, is 
not further relevant to the invention and is therefore not 5 
discussed below except where illustrative. 

One of the output devices driven by computer 10 is a 
interface circuit 12 which receives the digital output 
signals from computer 10 or other appropriate control 
tignnls and converts those si gnals into appropriate con- 10 
trol signals or drive signals coupled to operational de¬ 
vices at each of the stations in the cooking system. Inter¬ 
face 12 is comprised of digital decoders which generate 
command signals for a plurality of drivers or buffers 
which in turn provide the control or driving signal to IS 
various electrical or electro me c h a nic al means within 
the system as described below. Also included in inter¬ 
face 12 are analog-to-digital converters which receive 
and provide feedback signals from the system to com¬ 
puter 10 for closed loop control of various parameters 20 
of the cooking system such as temperature, dispensed 
amounts, inventory checking, error signals and the like. 
Details of portions of the circuitry in interface 12 are 
shown and described in greater detail in FIGS. 6 and 7. 
For example, interface 12 is bidirectionally coupled to a 25 
control panel 15 which allows for manual pushbutton or 
switched inputs from the food preparers. Information is 
bidirectionally co mmunicate d to a plurality of station 
food dispensers, symbolically referenced by numeral 17 
in FIG. 5. Interface 12 also communicates bidirection- 30 
ally with a plurality of wok heating ele m en t s, symboli¬ 
cally denoted by reference numeral 19 in FIG. 5. How¬ 
ever, before describing the electronic control of the 
entire system, first consider the conveyor system 
wherein the cooking operation is performed. 33 

The conveyor cooking system, generally denoted by 
r eference numeral 14 in FIG. 1, further comprises a 
conveyor belt unit, generally denoted by reference nu¬ 
meral 16, controllable heater units, generally denoted 
by reference numeral 18, a washing subsystem generally 40 
denoted by reference numeral 20, and a delivery 
counter 22. Conveyor 16 comprises typically twelve to 
sixteen woks which are connected sequentially on a 
closed-loop conveyor drive. The woks are bowl- or 
dish-shaped and each wok 24 is carried on a m e tallic 43 
belt 26 above heaters 18. The length of conveyor belt 16 
is divided into a plurality of stations with each station 
having an operative element positioned at the station. 
For example, an 03, condiment and spice dispensing 
unit 27 is provided at a first preheat station as shown in 30 
FIG. 1 in connection with wok 24a. Dispensing unit 27 
may be used to selectively dispense: 
vegetable oil in 0.2, 0.4 and 0.6 oz units; 
salt in 0.05 oz units; 

dried red chilies in 0.1 oz units; 33 

crushed Szechuan peppe r c o rns in 0.05 oz units; 
star anise in 0.05 oz units; 
minced garlic in 0.1, 0.2, and 0.5 oz units; 
minced ginger in 0.1, 0.2, and 0.5 oz units; and 
orange peel in 0.8 oz units. 60 

The selection and delivery amounts of ingredients is 
illustrative only and may be changed as desired. Thus 
ingredient listings may be arbitrarily modified within 
the teachings of the invention without departing from 
its scope. 65 

Wok 24a is preheated by a corresponding heater unit 
18a which heaters in the preferred embodiment are 
electrical induction heaters capable of directly heating 


ref-h wok 24 to stir-fry temperatures within a few sec¬ 
onds. A predetermined measurement of oil, condiments 
and spices is added from a conventional liquid/solid 
dispensing unit 27 and directed through dispensing tube 
29 into wok 24a in the first preheat station. 

A food or meat ingredient dispenser 28 is provided at 
a second station at which wok 246 is depicted. Dis¬ 
penser 28 is comprised of a horizontal conveyor belt 30 
having a plurality of bins 32 configured in its interior. 
Each bin is funneled or directed toward belt 30 which 
terminates or turns above wok 24 b. Alternatively, many 
types of solid chunk or liquid delivery dispensers are 
known to the art and any one of them may be used in 
conveyor system 14. In the illustrated embodiment, 
dispenser 28 selectively delivers: 
whole egg in 1.8 and 2.5 oz units; 
lo mein noodles in 6 and 8 oz units; 
nest of noodles in 2.5 oz units; 
fried rice base in 8 oz units; or 
chicken broth in 0.4 and 8 oz units. 

The food listed above, typically prepared, are loaded 
within horizontal bins 32 for dispensation onto con¬ 
veyor belt 30. Each bin 32 is provided with a separate 
movable piston, feed screw, or other motive means (not 
shown) which is controlled by interface 12 in response 
to commands from computer 10. Dispenser 28 is a con¬ 
ventional food dispenser capable of delivering predeter¬ 
mined amounts of solid or liquid food elements. In any 
case, each bin 32 is selectively indexed to produce a 
quantity of food products. Ultimately a measured 
amount of the food ingredient is delivered from its re¬ 
spective bin 32 onto belt 30 into waiting wok 246 at the 
second station of the system 14. 

Each station, except for the first preheating station 
shown as occupied by wok 24a in the illustrated em¬ 
bodiment, is subject to mechanical stirring by a corre¬ 
sponding stirrer 44b—/. In other embodiments the first 
station may also have a stirrer 44 associated therewith. 
Each stirrer 44 b centered on station with a rotatable 
drive shaft 47 as shown in side view in FIG. 2. Shafts 47 
are each coupled through a chain of pulleys and belts 
with adjacent stirring mechanisms 44. Ultimately, the 
stirrer at the first station, corresponding to wok 24 b as 
shown in FIG. 1, is coupled to a drive shaft 49 through 
a belt «nd pulley combination. Shaft 49 in turn b driven 
by a torquer 51 which provides the motive force to turn 
e«r-h of the stirring mechanisms 44 by 180 degrees. For 
example, as shown in FIG. t, each stirring mechanism 
has a first and second pair of stirring tools 45. When the 
first pair of took 45 b positioned along the center line 
and in a wok at the corresponding station, the second 
pair of stirring took k positioned on the opposing side 
of stirring mechanism 44 and are b disposed in a wash¬ 
ing trough 53. Washing trough 53, which extends from 
the side of belt system 16 may be either a trough of 
running water. Thus, after one pair of stirring took 45 
has been utilized, each stirring mechanism 44 b rotated 
so that the just-used pair of took 45 are disposed within 
washing trough 53. Food particles, spices and other 
ingredients which may adhere to stirring took 45 are 
thus washed from the tool so as to prevent food or 
flavor mixing or contamination with the next adjacent 
wok moved into the corresponding station, which next 
wok could typically be provided with an entirely differ¬ 
ent constituent recipe and ingredients. 

The upper portion of each stirring mechanism in¬ 
cludes an electromechanical drive (not shown) which 
reciprocates stirring took 45 to simulate the tossing and 



mixing action of hand held spatulas. In addition, each 
stirring mechanism is capable of a predetermined 
amount of vertical movement along the line of its corre¬ 
sponding shaft 47 so that stirring tools 45 can be lifted 
out of the interior of the corresponding wok to permit 3 
rotation of stirring mechanisms 44 by 180 degrees and 
then relowered both to lower the new cleansed pair of 
stirring took 45 into the corresponding wok and to 
lower the just-used pair of stirring tools 45 into washing 
trough 53. The mechanism for vertically lifting the 10 
upper portion or head of stirring mechanism 44 to verti¬ 
cally dispose stirring tools 45 into and out of w as hing 
trough 53 or into and out of the corresponding wok and 
to reciprocate spatula tools 45 are conventional andwill 
not be further described. 15 

Each wok, such as wok 24b for example, is positioned 
above a heater 42 which is also individually controlled 
by interface 12. Typically, heater 42 b a conventional 
electric induction heater with the power to it controlled 
through an riwrtmme rfmniraH y driven control e lem e n t. 20 
Power to the induction heaters is varied by appropriate 
solid state SCRs control, control of duty cycle or other 
means. Therefore, each wok 24o~? b provided with a 
selected degree of heat for a selected period of time 
according to the type of food product which has been 23 
selectively dispensed from the corresponding dispenser 
into the wok. 

After a predetermined amount of initial cooking at 
the second station, wok 24b then moves to the third 
station which b depicted in FIGS. 1-2 as occupied by 30 
wok 24c. Wok 24c has a corresponding heater (not 
shown) which b similarly connected to and controlled 
by interface 12 in response to computer 10. The corre¬ 
sponding dispenser at the third station selectively deliv¬ 
ers; 3* 

a stir-fry vegetable mix in 2, 4 and 9 oz units; 
a mu shu vegetable mix in 2 and 4 oz units; 
broccoli flowerettes in 7 and 9 oz units; 

1J inch green onion pieces in 1.5 and 2.5 oz units; 
diced waterchestnuts in 1.5 and 3 oz units; 40 

Chinese snow peas in 1.5 and 2 oz units; 
straw mushrooms in 3 oz units; or 
red bell peppers in 1.5 oz, units. 

The food ingredients added at the third station con¬ 
tinue to cook in a selective manner at the third station 45 
and are stirred to insure even cooking. The amount of 
heat applied to the wok at each station b separately 
controlled at each station and may vary over time at 
each station. 

The third station b followed by one or more addi- 50 
tkmal stations at which additional condiments, food 
ingredients or stirring functions may be added or per¬ 
formed. In the illustrated embodiment a fourth, fifth and 
sixth station are provided as depicted in FIG. 1 corre¬ 
sponding to woks 2M through 2Af with each with a 35 
corresponding dispenser 28, heater 18 and stirring 
mechanism 44 rimilnr to that described in connection 
with the second station corresponding to wok 24b. 

For example, at the fourth station the following food 
ingredients are selectively delivered: 60 

egg whites in 1 oz units; 
peas and carrots in 1 and 2 oz units; 
cubed chicken in 2, 3, 4, 5, and 8 oz units; 
sliced beef in 2, 3, 5, 6, 7, and 8 oz units; 
shrimp in 2, 3, 5, 6, and 8 oz units; 63 

BBQ pork strips in 2 and 3 oz units; 
shredded chicken in 2 oz units; or 
Szechuan meat sauce in 6 oz units. 
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Following the fourth station b a fifth and sixth station 
depicted by the position of woks 24e and/ Wok 24e and 
/are also provided with corresponding heaters 42e and 
/controlled through interface 12 by computer 10. Simi¬ 
larly, the fifth and sixth stations are each provided with 
a stirring means 44e and/as previously described. How¬ 
ever, the fifth and sixth stations have in addition thereto, 
a spice, sauce or condiment dispenser 46. These are 
typically solid paste, granulated or liquid food ingredi¬ 
ents and are dispensed in selected controllable amounts 
by Tneam well known to the art. 

For orample, at the fifth station the following food 
ingredients are selectively delivered: 
soy sauce in 0.4 oz units; 
lo mein/chow mein sauce in 4 and 8 oz units; 
mu shu sauce in 0.3 oz units; 
kung pao sauce in 3 oz units; 
garlic sauce 3 oz units; or 
orange beef sauce 12 oz units. 

At the sixth station the following food ingredients are 
selectively delivered: 

sesame seed oil (spray) in 0.1 and 0.2 oz units; 

cornstarch mix in 0.2, 0.4, 0.8, 1 and 1.5 oz units; 

peanuts in 1.5 oz units; 

cashews in 1 oz units; 

almonds in 1 oz units; 

rice vinegar 0.2 oz units; 

chopped green onions in 0.4 oz units; or 

chili oil (spray) in 0.3 oz units. 

The final cooking step b then performed with all of 
the ingredients and spices being stirred together at the 
last station in the illustrated embodiment The conveyor 
belt 16 again advances forwardly and the prepared meal 
is delivered from the wok, illustrated in FIGS. 1-3 by 
wok 24 g which b tipped either by inclination of the 
conveyor belt or preferrably by a tipping mechanism 
provided specially to inclin e wok 24? with respect to 
the vertical causing its contents to be delivered to a 
plate 60 placed at the delivery position at the end of 
conveyor belt 16. 

FIGS. 4a and b illustrate the wok in the final or deliv¬ 
ery position assumed by wok 24? in FIG. 1- As depicted 
in the top plan view of FIG. 4a, wok 24g b shaped to 
include a spout portion 48 along its forward edge 50 
which includes a circumferential lip portion 52 designed 
as a pour spout at a lower level than the re m a ining 
portions of the wok. Wok 24?, and in fact each of the 
woks, b coupled to belt 16 by means of a pivot bar 54. 
Pivot bar 54 in turn b journaled within a pivot block 56 
attached to belt 16. When the wok reaches the position 
of wok 24? in FIG. 1, a cam member 58 attached to 
pivot bar 54 reaches a cam or eccentric (not shown) 
mounted by the side of belt 16 at the selected position to 
tip wok 24? as best depicted in side view in FIG. 4b. 
The prepared meal within wok 24? b then displaced and 
delivered to a waiting dish 60 placed in the delivery 
position by means of a conventional dish elevator 62 in 
which a plurality of dishes 60 are stored pending use. 

As best seen in the side cutaway view of FIG. 3, a 
dish advancing mechanism 64 controlled by computer 
10 and interface interface 12 then advances dish 60 at 
the appropriate time, namely after delivery of the food 
contents of wok 24?, by moving a plunger or carrier 
against the side of dish 60, taking it from the top of dish 
elevator 62 and delivering it to a selectively controlled 
dish conveyor 66. Dish conveyor 66 then advances the 
dish with the delivered meal to a serving position 
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wherein the dish is removed and delivered to the cus- on/off signal to the electromec h a ni cal unit that causes 

tenner. the food ingredient to actually be delivered and a signal 

The prepared meal is now wwliwt, seasoned and which controls the length of activation or other means 

stirred and ready for consumption. by which the portion of food which is to be delivered is 

It is m^ lnd^rt wi thin the scope of the invention an an 5 controlled. The output of device driver 204 is thus corn- 
additional m echanism may be included for removing municated to the electromagnetic dispensing actuator, 

the contents of wok 24g. Such a mechanism could in- symbolically denoted by reference numeral 206 in FIG. 

elude a scraper or spatula conformed to lit the shape of 6. 

wok 24g which would rotate it like a paddle forcing the Feedback signals are also generated within the dis¬ 
contents of the wok onto plate 60. 10 pensing unit which are communicated back through the 

After the wok is emptied, the continued indexing dispenser station control module. For example, a signal 
conveyor belt 16 brings the wok to the underside of the indicative of advance or indexing of a delivery con- 
conveyor belt as best depicted in FIG. X Ultimately, the veyor within the dispenser is provided through a buffer 
wok will be inverted and drawn through an automated circuit 208. Similarly, a dispenser reset signal is pro¬ 
washing sequence as depicted by the positions of woks IS vided through a buffer 210 and a dispenser function 
2Ai-m in FIG. 2. In the first position depicted by wok normal signal is provided to buffer 212. By this means 
24/, the wok is subjected in the inverted position to a the status or condition of the dispenser actuator 206 can 
spray of hot water and soap ejected from a spraying be monitored and appropriately timed through interface 
means 61 onto the interior surface of wok 24/. Thereaf- unit 12 subject to program control. As many dispenser 
ter, the wok is moved forward »nd is subjected to a 20 station control modules as depicted in FIG. 6 will be 
scraping or cleaning action by scrubber means (not included within each station as there are separately 
shown) which either directs a powerful blast of air/- controllable food ingredients to be delivered, 
steam into the inverted inside surface of wok 24/ or FIG. 7 fa a symbolic diagram depicting one embodi- 
otherwise provides a mechanical scraper or scouring ment of the error reporting signals within circuit block 
part which fa utilized to remove any adhering particles 25 19 of FIG. 5. The temperature of the wok as heated by 
of food not dislodged by the spray of the first station. the induction heater at each station fa monitored by a 
Thereafter, the woks are further indexed and sub- temperature sensor 214. The analog output of tempera- 
jected to a rinsing spray of clean water or steam pro- ture sensor 214 fa then converted by an analog-to-digital 
vided by spraying means (not shown). The washed, converter 216 and stored within a temperature feedback 
scraped anrt rinsed wok fa then advanced to the next 30 register 218. Meanwhile, the programmably controlled 
station wherein its interior surface fa dried by a blast of temperature setting for the induction heater at the sta- 
forced air from a fan (not shown). Water and debris tion has been loaded within a temperature setting regis- 
from the washing mechanism fa collected in a wash pan ter 220. The contents of register 220 are converted in a 
anrt removed through a dr ain. Steam which fa generated digital-to-analog converter 222 provided as an analog 
by water being evaporated against the woks fa 35 drive control signal to a temperature control unit 224 

similar ly removed by a conventional exhaust hood and within the induction heater at the station. The tempera- 
ducted to an outside «*rtianst port (not shown). ture which fa actually achieved is thus sensed by tem- 

Thereafter, the cleaned and dried woks are returned perature sensor 214 and ul timatel y presented in digital 
by the conveyor belt indexing mechanism to the first form in temperature feedback register 218. The contents 
station as described above to be recycled with the next 40 of temperature setting register 220 and temperature 
order. feedback register 218 are then each coupled to a com- 

fVinsirtw once again the architecture of the electronic parator 226. If the degree of difference between the 
system as depicted in FIG. 5 for the control of the contents of registers 218 and 220 exceeds a predeter- 
ccnveyor system 14 depicted in FIGS. 1-4. Each of mined threshold, comparator 226 generates a tempera- 
ti n^ six dispenser stations described above includes. 45 ture error signal or alternatively simply transmits the 
separately co ntr o llab le dispensers tmrt hpntmg induction actual temperature difference to interface 12 and thence 
coils, collectively denoted as dispenser station modules to computer 10 wherein an appropriate control re- 
17. The control of these modules is better understood by spouse fa made. 

turning now to the symbolic block diagram of a dis- In addition to control of the heating temperature at 
penser station and control module as depicted in FIG. 6 50 each station, many dispensers will require refrigeration 
and an error signal module as symbolically depicted in since the dispensers will contain perishable food ingre- 
tfae block diagram of FIG. 7, both of which modules dients which might be degraded by temperature and 
comprise part of interface IX time. Therefore, a refrigeration temperature sensor 228 

In FIG. 6 a register, symbolically deno ted by register fa provided within the refrigerated portion of each de¬ 
block 200, contains the portion size or the number of 55 penser at each station and buffered through buffer 230 
units of a portion of a food ingredient which fa to be for communication to interface IX Again, the refrigera- 
selectively delivered at the station. Farh of the six dis- tion temperature fa monitored by computer 10 through 
penser stations 17 incorporates at least one station con- interface 12 to insure that the perishable food tngredi- 

trol module as depicted in FIG. 6. The module also ents are kept within predetermined temperatures as 

includes a dispenser register 202 which fa an addressable 60 required by appropriate health and sanitation consider- 
unit identifying which of the dispenser sub-units wi thin ations. Thus, each one of the six stations as depicted in 
the station are to be selectively activated. None, one, or FIGS. 1 and 2 will incorporate an error signal circuit 19 
any number of the dispenser sub-units at a station may as described in connection with FIG. 7. 
be simultaneously activated to deliver the selected num- Since the various elements of the conveyor system 14 

ber of units of the food ingredient at the station. The 65 have now been described in detail, consider the timing 
numbers stored within dispenser register 202 and por- diagram of FIG. 8 which illustrates the typical timing of 

tion size counter register 200 are coupled to logic within the operation of the units at each station. Curve 232 

a device driver 204 which responsively generates an represents the control signal relating to movement of 
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the induction coil at each station. The induction heating 
is effective only when the induction coil is placed in 
close proximity to the stainless steel wok. Conveyor 
belt 16 is maintained in a fixed plane so that the induc¬ 
tion coils are raised or lowered as depicted in FIG. 8 to 
couple and decouple the induction coils to the woks and 
to allow movement of the woks with conveyor belt 16. 

At time tl the induction coil is up or in place against at 
wok and coupling is possible. However, at time t2 the 
induction coQ begins to move downwardly and clears 
the bottom of the wok by time t3. The induction coil 
remains in the lowered position until time t4 and then 
begins again move to the up position. By time t5 the 
induction cod is once again in the up position and cou¬ 
pling with the adjacent wok is again possible. 

Therefore, curve 234 is representative of the wok 
advance at a station and can be shown as coordinated 
with the movement of its corresponding induction coil 
For example, the woks remained in position until time 
t3 until the induction coil is all the way down. At the 20 
time t3 the wok advances and continues to advance 
until the time t4. Thereafter, the induction coil is moved 
up into place and cooking is commenced. 

Similarly, movement of stirrers 44 is depicted by 
curve 236. The stirrer mechanism moves up and begins 23 
to rotate as a whole at time t2. At the same time the 
induction coil begins to be lowered. Rotation of the 
stirrer continues from time t2 through time t5 so that the 
stirring mechanism has rotated 180 degrees between 


10 


13 


computer 10 will through software control relate the 
ordering data from the point of said entry with the 
inventory data pertaining to the food within the dis¬ 
pensers. When one of the dispensers has less than a 
minimum number of servings left, say five servings, an 
automatic alarm may be generated and sound at control 
panel 15 shown in FIG. 5. A light will then be illumi¬ 
nated indicating which station and dispenser needs to be 
refilled. The food preparation attendant can then take 
remedial action ami input the action taken at control 
panel 15 thereby allowing the inventory to be updated. 
In a case when any dispenser has run out of food, com¬ 
puter 10 can immediately hold back the order whose 
recipe nails for the ingredient until either the dispenser 
is tilled or the customer selects a different menu item. 
Meanwhile, other food orders which are received at the 
point of sale can be inserted within the control stream 
without being backlogged or delayed. 

Furthermore, with the ability to track real time.use of 
food inventory, actual histones of food usage and selec¬ 
tion for any given installation can be tracked and antici¬ 
patory purchase orders made to meet the customer 
Hrmarnts to insure that adequate supplies of properly 
prepared food ingredients are pie-prepared and main¬ 
tained for dispensing. 

In addition to coordinating the processing of food 
dishes in conveyor system 14, non-automatcd food 
preparation steps may also be efficiently coordinated. 
For example, instructions coordinated with meals being 


times t2 and t5. At time t5 the stirrer is lowered, thereby 30 prepared within the automated conveyor system 14 are 


placing a clean pair of stirring tools into the wok, which 
has arrived in place by the preceding time t4. 

The activation of the dispenser conveyor or other 
equivalent mechanism is represented by curve 238. The 
dispensers at the station are quiescent until time t4 after 33 
the wok has been completely positioned. At time t4 the 
food ingredients are dispensed until time tS at which 
time the induction coil is now in place as is the stirring 
mechanism. Thereafter the dispenser conveyor or other 
feed mechanism is again quiescent. At time tS the indue- 40 
tion coil, which has been turned off, as depicted by 
curve 240, is turned on. The wok is rapidly heated as 
described above and the cooking process commences as 
does the activation of the stirring tools as represen t ed 
by curve 242. Stirring thus continues until time t8 which 43 
is the beginning time interval of the next cycle and 
which thus corresponds to time t2 of the cycle just 
described. 

Delivery of the ingredients is depicted by the timing 


displayed on the package monitor 13a or deep fry moni¬ 
tor 13b where an attendant can prepare or package the 
requested food item manually so that it is delivered hot 
or at the appropriate time and condition for serving 
with the automatically prepared stir-fried meal. The 
attendant can remove the order form the package moni¬ 
tor 13a or deep fry monitor 13b by an appropriate input 
device to confirm timely compliance with the instruc¬ 
tions issued by computer 10 according to the meal menu 
and coordination with other elements of the mea t. 

Still further, cash receipt, orders, food usage and 
□sage of nonfood items can all be directly or indirectly 
monitored through the use of histories developed 
within computer 10 as entered at the point of sale. This 
information can be stored for later transmittal or trans¬ 
mitted real time to an off-site computer or output device 
to provide on-site daily summaries or to provide report¬ 
ing to a distant management or franchiser office for use 
in business and quality control. Such communications 


curve 244. Information is communicated to the dis- 30 from computer 10 are inexpensively and easily handled 


penser station control modules for each dispenser at the 
station as described in connection with FIG. 6 between 
times tS and t6. At time t6 the food ingredients are 
dispensed until time t7 during which period stirring and 
cooking continue. Delivery of food ingredients is com- 53 
pleted on or before time t7 and the cycle terminates at 
time t8 and the next cycle begins immediately thereaf¬ 
ter. 

Because the computer control system is in effect an 


through modems and telephonic links and therefore 
have not been described in greater detail here. 

The operation of the circuit architecture as shown m 
FIG. 5 can be better visualized by considering the func¬ 
tional relationship of the various dements shown in 
Table 1 below. The point of sale units which include the 
monitors 13a-13c and keypads 11 are similariy micro¬ 
processor driven through appropriate firmware stored 
within a ROM. The ROM and processor within the 


automated system for producing arbitrarily selected 60 point of sale units include interface programs, initial- 


short orders and is computer controlled in each of the 
process steps, a number of striking advantages arise. 
Fust of all, inventory of food items within the dispens¬ 
ing units in conveyor system 14 is continuously moni¬ 
tored. Each of the food dispensers will have a fixed 63 
amount of food in each food container when full, typi¬ 
cally 13-30 pounds of solid food ingredients, a gallon or 
half gallon of liquid. As food production progresses. 


izing programs, appropriate system diagnostics relating 
to the operation of the point of sale device and data 
communication through conventional RS232 ports to 
computer 10. The leftmost column of Table 1 outlines 
the point of sale device. 64KB of RAM are included for 
ordinary point of sale operations such as storing infor¬ 
mation which would be required for a display driver to 
communicate with point of sale CRTs 13c in FIG. 5, a 
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keyboard decoder for communication with key pads 11, 
and recordal of appropriate transactions relating to the 
cash drawer and menu selection. Included within point 
of sale unit 21 is a section of buffer storage which pro¬ 
vides a historic recall ability of the day’s transactions 5 
and recall of any order through a customer identifica¬ 
tion order which is automatically assigned. 

Point of sale unit 21 communicates as suggested in 
Table 1 with computer 10 whose function is outlined in 
the second column of the table. Computer 10 provides a 10 
monitor display program, a data communication pro¬ 
gram, a transaction program, an interface interrupt 
program, a customer order file into which the dispens¬ 
ing stations and their corresponding temperature set¬ 
tings are stored for each customer number and/or dish IS 
number, as well as a menu/ingredient file which desig¬ 
nates the portions and and the selected dispensers 
which are to be called up for any given order. Also 
included within computer 10 is a point of sale initial¬ 
izing file which initiflli7.es point of sale unit 21. The 20 
programs stored and maintained within computer 10. 
fllsn include on-line test programs for error conditions 

and overall system diagnostics such as a identification of 

station and a dispenser error reset codes along with the 
temperature error and other error conditions which 25 
may be warranted. Still farther, computer 10 provides a 
program for monitoring an input keyboard related to 
the package monitor 13a or deep fry monitor 13b and 
point of ale key pads 1L Customer numbers and dish 
numbers are also tracked and can be communicated 30 
through a modem and auto-dial program e xe cu t e d at 
appropriate times by computer 10. Finally, computer 10 
monitors the status of each dispenser for inventory 
control as described above. 

Each of these cooking commands sent to or received 35 
by computer 10 are transmitted via a conventional 
RS232 port as indicated in the fourth column of Table 1 
to interface 12 which is outlined by the fifth column in 
Table 1. Interface 12 is also microprocessor-controlled 
and includes both firmware memory and RAM mem- 40 
ory. Timers, and analog-to-dighal, digjtal-to-analog and 
actuated drivers and registers as described in connec¬ 
tion with FIGS. 0 and 7 are all included within interface 
12 . 

As depicted in the rightmost column in Table 1, inter- 45 
face 12 is then bidirectionally communicated with con¬ 
trol panel 19 described above and the dispenser stations 
wherein electromechanical actuated drivers are con¬ 
trolled, temperature settings and feed b acks are set or 
< n*Twd, dispenser control functions are reset and moni- 50 
tored, dispenser conveyor functions are advanced, and 
refrigeration temperatures are monitored as well as DC 
power. In addition to each of the dispenser stations, 
each station also includes control signals provides bidi¬ 
rectional communication with the wok mechanism re- 55 
fating to: die position of the induction coil; advance¬ 
ment of the wok; operation of the stirrer; rotation of the 
stirrer, activation or nonactivation of the serving mech¬ 
anism to deliver food from the wok into a dish as exem¬ 
plified by the wok 24 g in FIG. 1; advancement of the 60 
dish from the dish supply, monitoring of the dish supply 
within the d'sH elevator 62; and a number of other error 
signals. Wok related error signals include: a dish con- 
veyoroverrun; a scrobber function signal; a soap spray 
function; a water system function signal; steam dry 65 
system function signal; and monitoring of AC and DC 
power levels. All these conditions are monitored and 
are communicated through the RS232 port to the inter- 
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face unit 12 for processing within computer 10 accord¬ 
ing to appropriate program control. 

The general apparatus of the illustrated embodiments 
now having been described, consider its method of 
operation wherein each wok may be provided with an 
individually specified meal in which the ingredients and 
cooking cycle are individually varied and tracked 
through program control so that the apparatus of FIGS. 
1-7 produces not a single type of prepared meal but a 
sequence of selected meals from a short order menu in 
an arbitrary fashion according to how the orders are 
received at the point-of-sale computer station 10. 

Turn now to the flow diagram of FIG. 8 which de¬ 
picted one type of program control which could be 
implemented through computer 10. The flow diagram 
of FIG. 8 depicts the process to which a tingle meal 
would be subjected, each of the meals of the wok in the 
system having such a program performed in relation¬ 
ship to the meal carried within the wok with appropri¬ 
ate timing. 

In step 100 conveyor system 16 is activated to bring a 
new wok up to the first station. Cooking oil or other 
food ingredient is dispensed in the wok at station 102 
while the wok is at the first station. Meanwhile other 
ingredients are being metered and gathered together as 
may. be appropriate to the order specified by computer 
10 and delivered at step 104 to the wok while in the first 
station. The wok is advanced to the next station at step 
106 and the ingredients are stirred at step 108 by provid¬ 
ing appropriate command signals to stirring means 44 
while the corresponding temperature of heater 426 is 
simultaneously controlled. After a selected time, the 
wok is advanced to a third station at step 110 and the 
corresponding temperature at the third station is selec¬ 
tively set if needed. Food ingredients are then added 
from dispenser 46 at step 112. Again after a preselected 
time period, the wok is then advanced to the next sta¬ 
tion for additional stirring at a selected temperature 
which is indicated in the flow diagram of FIG. 8 as 
looping back to step 106. The step of stirring such as 
described in connection with step 108 and advancement 
at step 110 are then executed together with additional 
food ingredients at step 11Z A determination is then 
m art* at step 114 of whether the series of advancements 
between stirring and adding food ingredients is to con¬ 
tinue as exemplified by steps 106-112 or whether the 
final food ingredient, typically a combination of sauces, 
is to be added. If the fatter is the case, the final sauces 
are added at step 116 wherein the final food ingredients 
are added and cooked for a preselected time. The food 
is then delivered to the serving plate at step 118 and any 
additional scraping or deliver steps are performed to 
remove the final prepared meal from the wok to the 
delivery plate 58. The belt is again advanced to the next 
station at step 122 until as determined at step 124 it is in 
the washing station. There it is washed with soap and 
water at step 126, advanced at step 128 and scraped or 
scoured clean at step 130. It is advanced at step 132 to 
the next station and rinsed at step 134, advanced again at 
step 136 and dried at step 138. It continues to be ad¬ 
vanced at step 140 as determined by the decision at step 
142 until the specified wok is returned to the first con¬ 
veyor station and the program reentered at step 100. 

Many modifications and alterations may be made by 
those having ordinary skill in the art without departing 
from the spirit and scope of the invention. For example, 
although automated short-order preparation of Chinese 
stir fried foods has been described, it is expressly con- 
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templated that other kinds of foods may be prepared 
according to the teachings of the present invention. 

still further, specific food dispensing and stirring 
mechanisms have been shown or described, it is entirely 
within the scope of the invention that other types of 3 
dispensers and stirrers now known or later devised 
could be included. Furthermore, the illustrated embodi¬ 
ments have shown a sequence of food dispensers and 
stirrers in alternating array. It is entirely within the 
scope of the invention that this sequence may be arbi- 
trarily altered so that two or more stirrers or food dis¬ 
pensers may be provided one after each other ins t ead of 
the alternating sequence which has been described. In 
addition, a plurality of food dispensers or stirring means 
Tun y be provided for each station or mixed with each 13 
other as in the case at the last station as shown in the 
illustrated embodiment. For example, the vegetable 
dispensing station may be provided with the last food 
dispensing station 46 instead of with the last stirring 
means 44. Furthermore, each of the operable station has 
been shown as relatively fixed with respect to their 
respective stirring stations. It is expressly contemplated 
that the stirrers and dispensers could be moved between 

stations, either manually from time to time, or could be ^ 
incorporated in an automated system utilizing movable 
tracks so that an appropriate stirring means or food 
dispenser could be brought to the appropriate station by 
computer control if desired. 

Theref o re, the illustrated embodiment should be ^ 
talrpn as shown only by way of example and clarity and 
not as limiting the invention which is defined in the 
following claims. 

I elflilTV 

1. An apparatus for fully automatic cooking of short 35 
order meals co mprisi ng: 

a plurality of cooking containers; 

a conveyor means for advancing said plurality of . 
cooking containers along a predetermined path; 

heating means for heating said plurality of cooking 
con tainer s as said cooking containers are advanced 
along said predetermined path by said conveyor 
means; 

food dispensing means for selectively dispensing a 
selected amount of selected food to a s ele cted one 43 
of said cooking containers at a selected point on 
said predetermined path; 

stirring means for stirring food ingredients within 


4 . The apparatus of claim 2 wherein said food dis¬ 
pensing means comprises spice/condiment dispensing 
means for selectively providing at least one spice/con¬ 
diment among a plurality of spice/condiments and a 
food ingredient means for selectively providing at least 
one type of food ingredient 

5. The apparatus of claim 1 wherein said computer 
control means comprises a point-of-sale entry means for 
entering an arbitrarily selected customer order, com¬ 
puter means for generating a sequence of timed control 
signals corresponding to each said arbitrarily selected 
customer orders, and interface means for generating 
drive signals for said conveyor means, heating means, 
food dispensing means, and stirring means to execute 
said sequence of timed control signals corresponding to 
said arbitrarily selected customer order. 

6. The apparatus of claim 2 wherein said computer 
control aipam comprises a point-of-sale entry means for 
entering an arbitrarily selected customer order, com¬ 
puter means for generating a sequ en ce of tuned control 
signals corresponding to each said arbitrarily selected 
customer orders, and interface means for generating 
drive signals for said conveyor means, heating means, 
food dispensing means, and stirring means to execute 
said sequence of timed control signals corresponding to 
said arbitrarily selected customer order. 

7. The apparatus of c laim 4 wherein said computer 
control means comprises a point-of-sale entry means for 
entering an arbitrarily selected customer order, com¬ 
puter means for generating a sequ en ce of timed control 
signals corresponding to each said arbitrarily selected 
customer orders, and interface means for generating 
drive signals for said conveyor means, heating means, 
food dispensing means, and stirring means to execute 
said sequence of timed control signals corresponding to 
mid arbitrarily selected customer order. 

8. The apparatus of claim 1 wherein said heatin g 
means comprises a plurality of separate heating ele¬ 
ments, each element being separately controlled by said 
computer control means to provide a selected degree of 
heat for a corresponding selective period of time. 

9. The apparatus of claim 7 wherein said heating 
means comprises a plurality of separate heating ele¬ 
ments, each element being separately controlled by said 
computer control means to provide a selective degree 
of he»t for a corresponding selective period of time. 

10. The apparatus of claim 1 farther comprising 
means for removing said food ingredients from each of 


selected ones of said cooking containers at selected 
points on said predetermined path; and 30 

computer control means coupled to said conveyor 
means, heating means, food dispensing means and 
stirring means for controlling operation of each of 
said means according to an. arbitrarily selected 
customer order selectively assigned to each one of 33 
said cooking containers as said cooking container is 
advanced along said predetermined path, 
whereby cooked meals are automatically prepared 
according to a short order selection entered 
through said computer control means. 60 

2. The apparatus of claim 1 wherein said coolring 


said plurality of cooking containers after said corre¬ 
sponding food ingredients have been completely pre¬ 
pared to deliver said food ingredients for consumption; 
and 

cleaning means for cleaning each of said plurality of 
cooking containers after said food ingredients have 
been removed from each corresponding cooking 
container. 

11 . The apparatus of c laim 2 further comprising 
imnm for removing said food ingredients from each of 
said plurality of cooking containers after said corre¬ 
sponding food ingredients have been completely pre¬ 
pared to deliver said food ingredients for consumption; 


containers are woks. 

3. The apparatus of claim 1 wherein said food dis¬ 
pensing means comprises spice/condiment dispensing 
means for selectively providing at least one spice/con- 65 
diment among a plurality of spice/condiments and a 
food ingredient means for selectively providing at least 
one type of food ingredient 


and 

cleaning means for cleaning each of said plurality of 
cooking containers after said food ingredients have 
been removed from each corresponding cooking 
container. 

12. The apparatus of claim 3 further comprising 
means for removing said food ingredients from each of 
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said plurality of cooking containers after said corre¬ 
sponding food ingredients have been completely pre¬ 
pared to deliver said food ingredients for consumption; 
and j 

cleaning means for cleaning each of said plurality of 
cooking containers after said food ingredients have 
been removed from each corresponding cooking 
container. 

13. The apparatus of claim 9 further comprising 10 
mMiH for removing said food ingredients from each of 
said plurality of cooking containers after said corre¬ 
sponding food ingredients have been completely pre¬ 
pared to deliver said food ingredients for consumption; ^ 
and 

cleaning means for cleaning each of said plurality of 
cooking containers after said food ingredients have 
been removed from each corresponding cooking 
container. 20 

14 . The apparatus of clnhn 10 wherein said cleaning 

comprises w ashing nwms for washing each said 
cooking container with a washing solution, scouring 
means for sconring each cooking container, rinsing ^ 
means for rinsing each cooking container, and drying 
means for drying each cooking container as said plural¬ 
ity of cooking containers are advanced along said pre¬ 
determined path. 

15. A method for automatically preparing arbitrarily 30 
selected, short order meals comprising the steps of: 

selectively disposing food ingredients into a cooking 
container according to arbitrary customer selec¬ 
tion, said food ingredients being disposed into said ^ 
cooking container by a food dispensing means con¬ 
trolled by a computer control means into which 
said customer selection is entered; 

advancing said selretrH food ingredients in said cook¬ 
ing container on a conveyor system through a plu- 40 
raHty of subsequent cooking stations; 


selectively disposing additional food ingredients into 
said container at preselected ones of said plurality 
of cooking stations; 

selectively stirring food ingredients in said cooking 
container at selected ones of said cooking stations 
according to said customer order entry as con¬ 
trolled by said computer controlled means; 

selectively controlling heating and timing of said 
food ingredients within said cooking container at 
iwli of said plurality of cooking stations; and 

removing said food ingredients from said cooking 
container when said ingredients are completely 
prepared according to said arbitrarily entered cus¬ 
tomer prder, 

whereby short orders originated by customers are 
prepared in a folly automated method. 

16. The method of c laim 15 further comprising per¬ 
forming said steps of selectively advancing said food 
container, selectively disposing food ingredients 
therein, selectively manipulating sai d food ingredients 
therein, selectively heating said food ingredients therein 
nnH delivering said food ingredients in a plurality of 
cooking containers, each of said cooking containers 
being advanced on a conveyor system among said plu¬ 
rality of cooking stations, said steps being simulta¬ 
neously performed in corresponding order to the posi¬ 
tion of said cooking container within said plurality of 
cooking stations according to the significance attached 
to each cooking station by said customer entered short 
order. 

17. The method of claim 15 further comprising the 
steps of cleaning said cooking container and returning 
said cooking container for reuse for a subsequent cus¬ 
tomer short order. 

18. The method of claim 16 further comprising the 
steps of cleaning said plurality of cooking containers at 
predetermined stations within said conveyor path and 
returning each of said cleaned cooking containers in 
sequence for reuse in a plurality of subsequent customer 
short order entries. 
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Detailed Description Text - DETX (2): 

In FIG. 1 a flow chart of the steps of 
measurements that can be conducted by 
the apparatus of this invention in which numeral 10 
indicates a step of 

mounting a metal specimen on a measuring device; 
numeral 11 indicates a step of 

connecting a temperature measuring device, such as 
a thermal couple, to the 

metal specimen; numeral 12 indicates a step of 
predetermining a temperature 

variation pattern of the specimen by a programmable 
temperature controller; 

numeral 13 indicates a step of treating the metal 
specimen under the control of 

the temperature controller; numeral 14 indicates a 
step of measuring the 

in-situ internal friction behavior, expansion curve 
and/or magnetic property 

variation curve of the metal specimen; and numeral 
18 indicates a step of 

recording the measured data so as to provide a 
better understanding of metals. 

In the heating step 12, the metal specimen may be 
heated by several different 
treatments such as annealing, tempering or 
quenching. No matter what kind of 

heat treatment is used, the metal specimen is kept 
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[57] ABSTRACT 

A torsion pendulum apparatus and a dialometer are 
combined for simultaneous measurement of the internal 
friction and the expansion of an alloy. The combination 
is controlled by a programmable controller so as to 
conduct in-situ measurements of the internal friction 
and the expansion of a metal during its phase transfor¬ 
mation or specific heat treatment. The results of the 
interna] friction measurement and the expansion mea¬ 
surement can be checked and assumed by one another 
so that more accurate and detailed information can be 
obtained for the study of metal alloys. 

2 Claims, 3 Drawing Sheets 
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APPARATUS FOR DETERMINING METAL 
PROPERTIES 

This application is a continuation of application Set. 5 
No. 212^20, filed June 28, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an apparatus for detaining 10 
the properties of metals an apparatus which measures 
the internal friction behavior of an alloy during its phase 
transformation. 

2. Description of the Prior Art 

The measuring techniques of internal friction that IS 
have been developed in die past few decades, Le. the 
torsion pendulum method, the transverse vibration 
method and others for measuring internal friction be¬ 
havior of metals, provide significant contributions to 
the study of metals. The techniques of measuring inter- 20 
nal friction are used to measure the situations of solid 
solutions in a metal alloy, such as the solute content of 
nitrogen and/or of carbon in steel, the distribution and 
diffusion of some elements in an alloy, and other defects 
in a metal, etc. Therefore, due to the fact that those new 25 
techniques provide meaningful measured results of the 
inside situation of metals, persons in the art can now 
understand metals much better than before. 

Although internal friction measuring has been widely 
applied in the study of metals, the measuring condition 30 
needs to be improved in at least two aspects. Firstly, 
during a heat-treatment, such as quenching, tempering, 
and annealing, metals are treated at several different 
temperatures which cause the structural change, but the 
internal friction measuring of the metal specimens has 35 
only been conducted after the whole heat treatment 
procedure has been completed. That is to say, for exam¬ 
ple, the known skills can't measure the internal friction 
behavior of the incubation period of a over cooled aus¬ 
tenite of the transformations during the beat treatment, 40 
but only provides the measured data of heat treated 
specime ns whose phase is in a steady and/or final state. 
Secondly, due to the limitation of experimental equip¬ 
ment, the known skills can not be performed at high 
temperatures, such as 750* G to 1100* G At these high 45 
temperatures known equipment can not mea sure the 
in-situ internal friction behavior of a metal specimen 
during the heat treatment procedure. 

SUMMARY OF THE INVENTION x 

Accordingly, the primary object of the present inven¬ 
tion is to provide an apparatus for measuring the inter¬ 
nal friction behavior of a metal alloy during the period 
of alloy phase transformation. 

Another object of the present invention is to provide 55 
an apparatus for measuring both the internal friction 
behavior, and the expansion and/or magnetic property ' 
variation curve of a metal alloy during a heat treatment 
proceeding so as to confirm whether the measurement 
is taken in the incubation period or other period of 60 
phase transformation of the metal. 

Still another object of the present invention is to 
provide an apparatus for measuring the in-situ internal 
friction behavior of a metal alloy during a heat treat¬ 
ment proceeding. 65 

Yet another object of the present invention is to pro¬ 
vide an apparatus which conducts the measurements of 
the in-situ internal friction, expansion curve, and mag- 
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netic property variation curve of a metal alloy during 
heat treatment such that internal friction variations, 
from one phase to another, of the alloy can be clearly 
measured. In addition, the present apparatus can also 
perform the same task as the conventional one, that is 
measuring the internal friction of the heat treated metal 
alloy whose phase is in a steady state. These and other 
objects can be achieved by the provirion of a combina¬ 
tion comprising an internal friction measuring appara¬ 
tus, a dialometer, a heating and cooling system, and a 
programmable controller to control the measurements 
and the heating and cooling system. 

The features and characteristics of the present inven¬ 
tion will become more obvious from the following de¬ 
tailed description of a preferred embodiment of the 
invention in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow-chart of block diagrams for illustrat¬ 
ing the steps conducted by the apparatus of this inve- 
tion; 

FIG. 2 is a scheme for illustrating an embodiment of 
the apparatus of this invention; and 

FIG. 3 is a chart of a time-temperature-transforma¬ 
tion curve for illustrating the phase transformations of 
an iron-based alloy, in which lines X and Y are predeter¬ 
mined conditions, using the method of this invention to 
investigate the phase transformation for different peri¬ 
ods with an isothermal in-situ measurement procedure. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In FIG. 1 a flow chart of the steps of measurements 
that can be conducted by the apparatus of this invention 
in which numeral 10 indicates a step of mounting a 
metal specimen on a measuring device; numeral II indi¬ 
cates a step of connecting a temperature measuring 
device, such as a thermal couple, to the metal specimen; 
numeral 12 indicates a step of predetermining a temper¬ 
ature variation pattern of the specimen by a program¬ 
mable temperature controller; numeral 13 indicates a 
step of treating the metal specimen under the control of 
the temperature controller; numeral 14 indicates a step 
of measuring the in-rim internal friction behavior, ex¬ 
pansion curve and/or magnetic property variation 
curve of the metal specimen; and numeral 18 indicates a 
step of recording the measured data so as to provide a 
better understanding of metals. In the heating step 12, 
the metal specimen may be heated by several different 
treatments such as annealing, tempering or quenching. 
No matter what kind of beat treatment is used, the metal 
specimen is kept at its original position so that an in-situ 
measurement can be conducted. In the connecting step 
11, the temperature measuring device connected to the 
metal specimen must not cause any appreciable unex¬ 
pected externa] friction to the metal specimen. This is in 
contrast to the torsion pendulum internal testing appa¬ 
ratus, in which the part of the specimen on which the 
thermal couple is connected will not experience any 
torsion, Le. the place near the torsion center of the metal 
specimen and the place near the fixed end of the speci¬ 
men. As a matter of fact, the connection between the 
thermal couple and the specimen is also one of the char¬ 
acteristics of the invention. The thermal couple, accord¬ 
ing to the invention, is preferably embeded into the 
fixed end of the specimen so as to get an accurate mea¬ 
surement, particularly during quenching proceedings. 
In the measuring step 14 one of three different combina- 
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tions of measurements can be selected, namely, the tion values of the metal specimen 31 and sends the mea- 
measurements of the internal friction, the expansion sured data to the recording device 41. Therefore, after 
curve and the magnetic property variation curve indi- a heat treatment is applied to the metal specimen 31, a 
o pted by numeral 1; measurements of the internal fric- curve 41u showing the internal friction curve of the 
tion and the expansion curve indicated by numeral 2; or 5 specimen can be obtained. 

measurements of the internal friction and the magnetic Since the damping of the triggered specimen 31 may 
property variation curve indicated by numeral 3. be fast, some difficulties may be created in proceedmg 

Tnming to FIG. 2, an apparatus 100 of this invention with the measurement. Thus, in accordance with the 
is shown, having a torsion internal friction testing de- present invention, it is preferred that when the designed 
vice 20 provided in is a vacuum housing 22 is mounted 10 torsional vibration of the triggered specimen 31 is 
on a supporting base 21 so that an internal friction mea- reached, an external energy be applied to make the 
surement can be conducted under the vacuum condi- triggered specimen keep its constant amplitude tori- 
tion. In the housing 22, a specimen mounting device 23 sonal vibration. The value of the applied external en- 
is provided on the supporting base 21. At the upper ergy should be the same as the value of the internal 
portion of the torsion internal friction testing device 20 15 friction of the specimen. This novel apparatus of the 
a lever 25 is fulcrumed at a pointed support 24. A present invention will render the internal friction mea- 
counter balance 26 is connected to end of the lever 25 surement more accurate. 

and a torsion pendulum device 27 is suspended from the In addition, a dilatometer 45 includes a solenoid coil 
other end of the lever 25. A pair of arms 28, 29 are 46 connected with the recording device 41, and a core 
respectively extended from the torsion pendulum de- 20 47 suspended from the underside of the counter balance 
vice 27 in opposite directions. At the lower portion of 26 and extended into the solenoid coil 46. 
the torsion pendulum device 27 there is provided a Following the variation of temperature during the 
second specimen mounting device 30 so that a bar- heat treatment proceeding, the expansion of the speci- 
shaped metal specimen 31 can be mounted between the mm 31 will change, making the lever 25 more clock- 
two mounting devices 23 and 30. 25 wise or counterclockwise, and making the core 47 move 

The apparatus 100 further comprises a programmable downward or upward. The dilatometer 45 will note the 
controlling device 32 by which a desirable pattern of changes in magnetic conductivity which represent cor- 
measurement can be pre-determined. In other words, responding up and down movement of the core 47 and 
with the programmable controlling device 32, a user will send the resulting measured data to the recording 
can select any one of the combinations of the measure- 30 device 41. Therefore, a curve 41c showing the relation 
ments as described above in reference to FIG. 1. Fur- between the variation of temperature and the expansion 
thennore, the programmable controlling device 32 can of the metal specimen will be obtained by the recording 
also predetermine the conditions of beating, cooling, device 41. 

and isothermal heating in the heat treatment of the The apparatus 100 according to this invention further 
metal specimen 31 so as to control the specimen 31 at a 35 comprises a magnetic detecting device 48 having induc- 
desired temperature during the entire measuring pro- tion coils 49 surrounding the metal specimen 31. Fol- 
ceeding. A heating device 33 is controlled by the pro- lowing the variation of temperature, the induction coils 
grammable controlling device 32 to heat the specimen 49 will induce changes in the magnetic flux of specimen 
31 and can either be an electric heating wire 34 or an 31 and will send the data concerning these changes to 
induction coil. A cooling device controlled by the pro- 40 the recording device 41. Therefore, a curve 41 b show- 
grammablc controlling device 32 includes a controlliing ing the relation between the variation of temperature 
valve 36, a conduit 37 and nozzle 38. In the cooling and the magnetic property of the specimen 31 can be 
operation, using the control valve 36, a cooling gas, obtained. 

such as liquid nitrogen, will be sprayed out of the nozzle From the above described apparatus, -it should be 

38 onto the heated specimen. A temperature measuring 45 appreciated that due to the application of the program- 
device 39 is connected with a thermal couple 40 whose mable controlling device 32, one can easily predeter- 
one end is pa«wl through the mounting device 23 and mine the items and patterns of the measurement and the 
then embeded into the torsion center of the specimen 31 variation of temperature. According to this invention, 
as clearly shown in FIG. 2. In this way, this connection the apparatus 100 is capable of not only measuring the 
between the thermal couple 40 and the specimen 31 will 50 internal friction behavior, expansion and/or the mag- 
not cause an appreciable unexpected external friction to netic property change of the metal specimen during the 
the metal specimen. The measured data of the tempera- heating, cooling and isothermal heating proceedings of 
ture measuring device 39 will be provided not only to the heat treatment, but also capable of keeping the spec- 
the programmable controlling device 32 but also to a imen 31 in-situ while conduting those measuements. 
recording device 4L 55 Thus, the apparatus provides a considerable amount of 

Preferably, the measurement conducted by the tor- valuable measured data which can not be obtained with 
si on internal friction testing device 20 is conducted known skills and is significantly meaningful to the study 
under 10 312 to 10 -3 Tore of vacuum. of metals. 

A triggering device 42 is provided in the torsion As an example, FIG- 3 shows a time-temperature- 
intemal friction testing device 20 and controlled by the 60 transformation curve of an iron-based alloy during heat 
programmable controlling device 32. The triggering treatment which illustrates the phase transformations of 
device 42 will cause a torsion to the arms 28, 29 of the the alloy. By using the traditional apparatus, a skilled 
torsion pendulum device 27 until it equal to the natural person may obtain the results of the phase transforma- 

frequency of the torsion pendulum of the metal sped- tions shown in FIG. 3. 

men 31 so as to obtain the desired torsional vibration of 65 However, various information cannot be obtained 
the metal specimen 31. In addition, an internal friction from the results. For instance, when the crystal struc- 

measuring device 43 provided with a motion detecting ture of the iron-based alloy transform from the austenite 

device or photo-detector 44 measures the internal fric- phase into the pearlite phase, persons skilled in the art 



5.033.720 


5 

find it difficult to get information during transformation 
process, especially, during such period of the incuba¬ 
tion. 

It is clearly shown in FIG. 3 that lines X and Y repre¬ 
sent respectively, a specimen of an iron-based alloy 5 
cooled radily from a higher temperature to a lower 
temperature and then kept in an isothermal proceeding 
for a certain period. By using the apparatus of this in¬ 
vention disclosed previously, the detailed measure¬ 
ments of the internal friction of the iron-based alloy can 10 
be obtained not only in the situation of a single phase 
but also in process of phase transformation, such as the 
austenite range to the range of austenite and perlhe, and 
then eventually to perlite range. In other words, ac¬ 
cording to this invention, after changes of the magnetic 15 
flux and/or expansion curve are measured, one will 
know that the phase transformation has been effected. 
Therefore, the obtained values of the internal friction of 
the alloy before, during, and after the phase transforma¬ 
tions will be significantly useful for the further study of 20 
metal. 

It should be understood that any person skilled in the 
art may make some minor modifications in light of the 
previous description of this invention. However, such 
modifications shall fall into the scope of the appended 25 
claims. 

What is claimed is: 

1. An apparatus for determining in-situ an internal 
friction of a metal specimen comprising: a vacuum 
housing means for mounting a metal specimen in said 30 


vacuum housing, said mounting means having means 
for fixing one end of said metal specimen, a fulcrumed 
lever provided above said fixing means, means for hang¬ 
ing the other end of said metal specimen on one end of 
said lever, and a weighing member attached to the other 
end of said lever, an internal friction measuring means; 
means for heating said metal specimen at a controlled 
heating rate; means for cooling said metal specimen at a 
controlled cooling rate; means for measuring the tem¬ 
perature of said metal specimen; an electromagnetic 
dialometer connected to said weighing member for 
determining the thermal expansion of said metal speci¬ 
men; means for determining the varying internal fric¬ 
tion of said metal specimen; and a control me a ns con¬ 
nected to said temperature measuring means, said heat¬ 
ing means, said cooling means and said internal friction 
measuring means for controlling the temperature of said 
metal specimen and for controlling said internal friction 
measuring means to determine varying values of the 
internal friction at certain controlled temperatures; and 
means for recording the varying thermal expansion of 
said metal specimen connected to said electromagnetic 
dialometer. 

2. An apparatus as claimed in claim 1, further com¬ 
prising means for determining the magnetic properties 
of said metal specimen at said certain controlled temper¬ 
atures, said magnetic property determining means con¬ 
nected to said control means. 
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Brief Summary Text - BSTX (16): 

To ensure compliance with the foregoing, the 
regulations advise, and often 

require, that such temperature readings be recorded 
in graphical or tabular 

form. Documentation of pre, interpass and post 
weld temperatures and other 

variables is therefore of critical importance to 
assure compliance with 

applicable regulations. Such documentation is also 
valuable in non-regulated 

situations where economic or other considerations 
generate a need to assure 

weld quality by control of welding process 
variables. Weld joint failure may 
lead to mechanical failures, leakage of hazardous 
or dangerous products or 

merely the requirement to grind away poor weld 
material and repeat all or part 
of the weld process. 


Brief Summary Text - BSTX (18): 

Commonly, electric resistance power sources 
utilized for workpiece heating 
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are completely separate from the welding power 
source. In other cases, a 

welding power source can be equipped with a 
temperature controller and devices 
to monitor and record temperatures necessary to 
provide workpiece heating. A 

few examples of a separate power source having 
specialized control units for 

the workpiece operations include standard equipment 
manufactured by: Cooperheat 

of Piscataway, N.J.; Hill Technical Services, Inc. 
of Houston, Tex.; Mannings 

USA of Morristown, N.J.; Global Heat of Concord, 
Calif., and others. Examples 

of such dual purpose power sources which utilize 
welding power sources to 

provide power for workpiece operations include 
units developed by John Hill of 

Control and Inspection Services of Houston, Tex. 
and Richter Industries, Inc. 
of Scottsdale, Ariz. 


Brief Summary Text - BSTX (19): 

Although these prior art means for controlling 
and monitoring temperatures 

during the welding process have proved sufficient 
to elevate, control and 

record temperature of the workpiece operation, they 
all share one or more of 

the following deficiencies: (1) requirement of 
separate equipment such as gas 
bottles, hoses, regulators and the like, for 
example in workpiece operations 

which utilize flame type torches; (2) requirement 
of separate power sources, 

often adversely affecting the power supply to the 
welding operation power 

source and requiting manual switching of power 
sources; (3) lack of operational 
interactivity between the power sources for 
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workpiece operation and welding 

operation; (4) lack of contemporaneous monitoring 
of welding operation 

parameters, actual welding operation source output, 
workpiece operation 

parameters and actual workpiece operation 
temperatures ; and/or (5) lack of 
detailed record or contemporaneous feedback of 
workpiece and welding 

operational parameters to the welding operator or 
the welding quality control 
inspector. 


Brief Summary Text - BSTX (23): 

The apparatus of the present invention also 
allows automatic adjustment of 
power settings to be programmed into the 
computerized workpiece power source to 
adjust the welding operation power source output as 
a function of changes in 

the workpiece temperature. Real-time monitoring 
and recording of key 

parameters, such as workpiece temperature, and the 
welding operation power 

source output voltage and current, is accomplished 
by a computer controller, 

providing a complete log of the welding operation 
for qualification of weld 

procedures, training, and quality control 
compliance verification. 


Brief Summary Text - BSTX (26) : 

The method of the present invention is utilized 
not only to achieve 

precision arc welding, but is also used to: (1) 
prequalify weld operators by 

monitoring the ability of the weld operator to 

control actual arc energy values 

including current and voltage against preset 
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values; (2) train weld operators 
utilizing the monitoring and record of the 
operator's ability to control arc 

energy values including actual current and voltage 
against preset values for 

different weld procedure conditions and positions; 
(3) improve the performance 

of weld operators by providing real time audible or 
visual feedback indicating 

to the weld operator actual weld energy power 
values including voltage and 

current versus preset values as well as workpiece 
operation parameters such as 

workpiece temperature ; (4) contemporaneously 
monitor the performance of both 

welding and workpiece-operations, as well as welder 
performance, to provide 

greater assurance of the consistent performance of 
precision welding; and (5) 

monitor and record both preset and actual critical 
weld and workpiece operation 

parameters to facilitate greater assurance of the 
consistent performance of 

precision welding that conforms to preset optimum 
conditions. 
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ABSTRACT 


An apparatus and method for computerized interactive 
control, measurement and documentation of are welding 
u tilizing a single power source that facilitates continuous 
precision welding. Operational interactivity between die 
welding operations and the workpiece operations, in con¬ 
nection with predetermined optimum welding operational 
parameters, provides contemporaneous feedback of critical 
welding operational parameters to the welding operator, 
producing an alarm if welding is attempted outside a first 
predetermined range of deviation from optimum welding 
operational parameters and temporarily interrupting power 
to the welding operation if welding is attempted outside of 
a second predetermined range of deviation from the opti¬ 
mum welding operation parameters. A complete log of the 
welding operational parameters is stared for subsequent 
retrieval and display, providing training and evaluation of 
welding operators as well as verification of compliance with 
required welding practices and procedures. Methods of 
performing continuous precision welding, facilitating tem- 
perbead welding, training and qualifying welders for such 
operations and verifying practice and procedure compliance 
are available utilizing the above-described apparatus. 

61 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD FOR 
COMPUTERIZED INTERACTIVE CONTROL, 
MEASUREMENT AND DOCUMENTATION 
OP ARC WELDING 

5 

TECHNICAL FIELD 


This invention relates to welding and, more particularly, 
to an apparatus and method for precision welding utilizing 
a single power supply and operational interactivity between 
the welding power source and a pre-, post and interpass heat 10 
control device for quality assured performance of critical 
welds. 


BACKGROUND OF THE INVENTION 

The permanent union of metal by arc welding is widely 13 
practiced in a myriad of industries. The quality of such 
welding is a function of many complex factors including the 
drill of the welding operator, the temperature of the arc, the 
tem p er a ture of the workpiece, the presence of con tamin a n t s , x 
the internal chtrmcal makeup of the metal in question, etc. 
While it is impossible to perfectly control all such factors, 
the quality of welding is often of critical importance. Of 
obvious importance are situations where the public welfare 
and safety rest in part on the quality of the welded joint ^ 
Welds used in critical components of a nuclear power plant, 
fossil fueled power plants, refineries, pipe Hues, chemical 
plants and sled reinforced structures in regions with seismic 
activity are but a few examples. Accordingly, the federal and 
many state governments heavily regulate the practices and x 
procedures associated with such welding operations. 
Examples of such practices include: ASME Boiler and 
Pressure Vessd Code; Section 1, “Rules for Construction of 
Power Boilers ” Section HL “Rules for Construction of 
Nuclear Power Plant Components;" Section Vm, “Rules for 
Construction of Pressure Vessels;” Section DC “Wdding and 
Brazing Qualifications;" ANSI B31.1, “Power Piping;” and 
ANSI B313, “Chemical Plant Piping.” hi addition to these 
are many practices and procedures recommended by pro¬ 
fessional organizations such as the American Welding Sod- 
ety (AWS) and foe American Petroleum Institute (API). 

Since the mechanical qualities of a weld are, in part, a 
function of maintaining a proper t emp er a t u re in and around 
the weld location, many regulations require that the work¬ 
piece be preheated to a specific te mp er a t ure range prior to ^ 
the wdding operation. Others also require that the work 
piece be maintained wi thin a particular temperature range 
between successive applications of wdd metal achieved 
through repeated passes of the wdding electrode over foe 
weld joint (foe interpass). Still other standards require heal- w 
ing wdds to specific temperature ranges for specific time 
periods following foe wdding operation (post-heating). 

Control and monitoring of these pre-, interpass and post¬ 
heating te mp er a tures is typically accomplished in one of 
several ways. Htese method include: ( 1 ) application of a 33 
torch Same to foe metal wcrtpicce; (2) dcctrical resistance 
heating elements seemed to the metal workpiece; (3) induc¬ 
tion beating coils applied to foe workpiece; and (4) radiant 
infrared heating lamps or elements applied to or near foe 
workpiece. 60 

The joining of metal parts in critical applications can be 
divided roughly into two operdions: ( 1 ) foe wdding opera¬ 
tion; and (2) foe workpiece operation. For purposes of this 
Application, foe term “wdding operation” will refer to the 
heating of the workpiece surface and a filler metal at the 63 
point of joining by means of an dcdrical arc sufficient to 
mdt both foe surface of the workpiece and foe filler metal. 


wherein the combined pool of molten metal will subse¬ 
quently cool to form one continuous mass cf metal. For the 
purpose of this Application, the term “workpiece operation” 
will refer to supplemental pre-, interpass aDd post-heating of 
the subject workpiece adjacent to and including foe weld 
joint. 

In the “wdding operation” referred to in this application, 
foe t emp e ra tures necessary to mdt both the workpiece 
surface and the filler metal are achieved by means of an 
electric are. Precision control of the are energy is critical to 
this operation. Inadequate arc energy will not generate 
temperatures sufficiently hot to achieve complete mdting of 
the workpiece surfaces. In such cases, foe solidifying molten 
pool will not continuously fuse to the workpiece. 
Excessive are energy will provide adequate temperatures to 
mdt both the workpiece surfaces and foe filler metal, 
however, it may also result in “are bkrw-through" of the 
weld area, the generation of excessive splatter of the molten 
metal and other undesirable conditions. The wdding opera¬ 
tor can control arc energy to regulate the weld pool tem¬ 
perature through foe careful adjustment of foe travel speed 
and movement of the are and by manipulation of the voltage 
and current settings of the welding power source. 

Even in the hands of a skilled welding practitioner, there 
are numerous conditions which frustrate a continuous fusion 
of the metal workpiece surfaces free of cracks, voids, slag 
inclusions and other defects. Among the conditions which 
generate faulty weld bonds arc: 

(1) Rapid cooling cf foe weld pool and foe adjoining metal 
(typically r e ferr e d to as the Herd Affected Zone (HAZ)) 
This condition produces cracks which form due to stresses 
g en e ra ted by the volumetric shrinkage of the metal as the 
molten metal rapidly cods. As the metal cools and shrinks 
it generates tension stresses. These stresses can often be 
sufficiently great as to exceed the yield or tensile strength of 
foe weld metal or the HAZ metal, resulting in distortion or 
possible failure. The tendency for metal to crack is increased 
by the presence of atomic hydrogen. Atomic hydrogen 
increases the tendency of foe metal to become brittle, 
therefore increasing its propensity to crack. One way in 
which atomic hydrogen is formed is through moisture or 
hydrocarbon contamination being exposed to the high tem¬ 
peratures generated by the electrical are. To minimize 
atomic hydrogen it is common practice to dean (he surface 
to be welded and to eliminate moisture from the surfaces by 
heating (preheat) Cracking of the wdd metal and the HAZ 
is more likely in certain alloy and high carbon steels due to 
their intrinsic brittleness. Raising foe temperature of foe 
weldment (preheat) typically increases foe ability of foe 
metal to flex or stretch without cracking. It is often important 
to irminfaiin $udi an elevated temperature throughout tire 
wdding process (maintain interpass temperature) to prevent 
loss of ductility thus preventing crack formation. 

Heating of foe wdd and workpiece metal following the 
wdding process to an elevated temperature sufficient to 
allow foe metal to plastically deform will relieve stresses 
induced by foe wdd process. This post weld heat treating, 
(PWHT), is commonly prescribed to prevent cracking of foe 
wdd and HAZ metal. Relief of wdd induced stresses is also 
practiced in situations where the wdd will be exposed to a 
corrosive environment such that a cceler a ted corrosive attack 
would occur at the highly stressed metal region; and 

(2) Inclusion of excessive gaseous voids in tire wdd 
metal. The action of the electrical are on foe molten 
metal pool during foe wdding operation and foe agi¬ 
tation generated by the arc and the dropping of molten 
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filto metal into the weld pool often results in tiny 
bubbles of gas miring into the molten metal. This gas 
rin ^ entrained in the raoltm metal from the imme¬ 
diate atmosphere around the arc or can result from 
hydrogen generated by the arc due to the presence cf 5 
moisture or hydrocarbons cm the weldment surfaces or 
on the surface of the electrode or filler metaL Again, 
with proper arc energy settings and with a skilled weld 
operator the molten pool of metal formed by the 
melting of the workpiece surfaces and the molten filler to 
metal will be allowed to solidify without excessive 
disruption and over sufficient time (typically a fraction 

of a second to several seconds) to allow entrained gases 

to separate from the molten metaL The presence cf 
excessive void concentrations is frequently observed at is 
locations where the weld process is started or stopped. 

This condition occurs in part due to the absence of arc 
energy being applied immediately before or immedi¬ 
ately after the start/stop point. As a result of the lower 
energy flux, the molten weld pool will tend to solidify 20 
more rapidly, thus trapping additional gases in the weld 
joint. Tbc application of preheat and interpass heal will 
slow the rate of molten metal soli d i fic a ti o n particularly 

during starts and stops. Sufficient preheat and intapass 
t emper atur es will »l«n result in tower concentrations cf 23 
vends in the weld metal generated by concentrations cf 

atomic hydrogen in the wdd metal and HAZ metal due 

to the fact that atomic hydrogen will diffuse out of 
metal at more rapid rates as temperatures are elevated. 

In most arc welding processes a flux is intrakiccd to 30 
provide a physical barrier between the molten weld metal 
pool the environment. The flux melts and floats on the 
surface of the weld pool. The flux helps to shield the molten 
wdd metal from atmospheric oxygen which could otherwise 
oxidize the weld metaL The flux also helps to limit flic rate 35 
of heal loss due to radiation of heat from the wdd pod. Once 
the flux cook it solidifies as a slag deposit. 'With improper 
arc energy settings, poor technique, or too rapid a rate of 
wdd pool solidification, some of the slag becomes 
entrapped in the weld metal. Again preheat and intripass 40 
he a ti ng slow the rates of wdd metal coding, giving mere 
time for the slag to ccmpictdy separate from the wdd metaL 
Subsequent removal of slag deposits by means of chipping, 
grinding and sted wire brushing is faeflitatod by proper rates 
of wdd pod «o iidifir3iti r>n and devated workpiece tcnureia- 45 
hires. Complete removal of slag deposits between succes¬ 
sive additions of wdd metal improve wdd joint quality. 

In some cases, even when the stresses generated In the 
welded workpiece are not sufficient to crack the metaL the 
localized stress many combine with caustic or otherwise 50 
corros i v e conditions to which the wdded metal will be 
mpniHi to result in stress corrosion cracking or stress 
[ntiifwi localized corrosion. Practitioners skilled in the art 
have learned that the PWKT of weldments exposed to such 
environments will greatly reduce the occurrence and extent 55 
cf such corrosion. 

To avoid these and other failure conditions, the previously 
mentioned codes and regulations often require control, 
monitoring and documentation of temperatures imported by 
the wdding and workpiece operations. T radit i on a ll y. mod- to 
taring has been accomplished in a variety of ways, including 
u tilizin g crayons, which melt or change color with 
temperature, thermocouples or infrared temperature 
indicators, to name just a few. 

To ensure compliance with the foregoing, the regulations 65 
advise, and often require, that such temper at ti r e readings be 
reror dad in graphical nr tabular form. Do n t mrnt a t fcm of prc. 


interpass and post weld temperatures and other variables is 
therefore of critical importance to assure c ompl iance with 
ap ptictM r regulations. Such documentation is also valuable 
in tion-re gulated situations where economic or ether con¬ 
siderations generate a need to assure weld quality by control 
of wdding process variables. Wdd joint failure may lead to 
mechanical failures, leakage cf hazardous or dangerous 
products or merely the requirement to grind away poor wdd 
material and repeat all or part at the wdd process. 

The beat ntillred for the workpiece operation is typically 
supplied by a separate power or heat source from the 
wdding operation power source utilized to generate flic 
electric arc (Mien this source is a torch or an electric 
resistance power supply. One advantage of separate electric 
resistance power sources is that they are often designed to 
control, monitor and document the preheat and interpass 
temperatures. The post-weld heat treating is commonly 
achieved by means of ptadng the work in a furnace or by 
rv«M of wrapping the weldment in electric resistance 
Halting elements which are often controlled, monitored and 

documented by the same power source used for supply of the 

preheat and inteipass heating. Supply, mainten a n ce and 
operation of separate beating sources far the workpiece 
operation typically involve the use erf expensive eq uipment 
and add complexity to the wdding process. 

COmnraly, electric resistance power sources utilized for 
workpiece are completely separate from the welding 

power source. In other cases, a welding power source can be 
equipped with a temperature controller and devices to moni¬ 
tor and record te mp e rature s necessary to provide workpiece 
heating. A few examples of a separate power source baying 
s pecialized control units for the workpiece operations 
jytnib gf.nit«iYt r^iitpirwrV irmnilfartlimt hy. Cooperfaeatof 
Pfecataway, NJ.; Hill Tfcchnical Services, Inc. cf Houston, 
Tex.; Mannings USA at Morristown, NJ.; Global Heat of 
Concord, Calif-, and others. Examples of such dual purpose 
power sources which utilize wdding power sources to 
provide power for workpiece operations include units devel¬ 
oped by John Hill of Control and Inspection Services of 
Houston, Ifcx. and Richter Industries, Inc. of Scottsdale, 
Adz. 

Although these prior art means for controlling and moni¬ 
toring temperatures dnring the wdding process have proved 
sufficient to elevate, control and record temperature cf the 
wcrkpiccc operation, they all share one or more cf the 
following deficiencies : (1) requirement cf separate equip¬ 
ment such ns gas bottles, hoses, regulators and the like, for 
example In workpiece operations which utilize flame type 
torches; (2) requirement of separate power sources, often 
adversely affecting the power supply to the wdding opera¬ 
tion ffwrr «iwt requiting manual switching of power 
sources; (3) lack of operational interactivity between the 
power sources for workpiece operation and welding opera¬ 
tion; (4) lack of contemporaneous monitorin g of welding 
operation parameters, actual wdding operation source 
output, workpiece operation parameters and actual work¬ 
piece operation te mp er a t u res; and/or (3) lack of detailed 
record or contemporaneous feedback cf workpiece and 
welding operational parameters to the welding operator or 
the wdding quality control inspector 

Thus n need has risen for an apparatus and method which 
will facilitate the consistent performance of precision 
welding, pro viding and utilizing operational interactivity 
between the welding power source function, the wdding 
operation, the application, control, monitoring and docu¬ 
mentation of the function of the workpiece operation heading 
power source and the workpiece operation as wdl as con- 
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temparaneous feedback to the welding operator and welding 
quality control inspector. 

SUMMARY OF THE INVENTION 

The instant invention overcomes the foregoing and other 3 
problems associated with the prior art by providing an 
a pp a ratus and method to facilitate the consistent perfor¬ 
mance of precision welding wherein a single primary power 
supply can be used to power both the welding operation and 
workpiece operation of the welding process. The invention 10 
consists of an apparatus and method for precision welding 
which includes operational interactivity between the weld¬ 
ing operation and the pro-, post and interpass heating com¬ 
ponents (workpiece operations) of welding. Attempts at 
welding occurring outside a predetermined temperat u re 13 
range are audibly and/or visually identified to the weld 
operator and/or the weld quality control inspector. Attempts 
at welding occurring outside a second predetermined tem¬ 
perature range are precluded via temporary interruption of 
power for welding operations by the controller of the present 20 
invention. 

The apparatus of the present invention also allows auto¬ 
matic adjustment of power settings to be programmed into 
the computerized workpiece power source to adjust the K 
welding operation power source output as a function of 
changes in the workpiece temperature. Real-time monitoring 
and recording of key parameters, such as workpiece 
temperature, and the welding operation power source output 
voltage and current, is accomplished by a computer ?<1 
controller, providing a complete log of the welding opera¬ 
tion for qualification of wdd procedures, training, and 
quality control compliance verification. 

The apparatus of the present invention also provides a 
mrans cf giving the weld operator and weld quality inspec- 
tor contemporaneous f e edb ack on critical wedding operation 
parameters. This feature provides pre, interpass and post 
wdd temperature control from a single power supply with¬ 
out interference with the welding power source and control 
of wdtfing arc stability. The apparatus is also configured to n 
alkrw independent use cf the wdtfing power source and the 
beat control power source without interference to welders, 
motors or other electrical equipment serviced on the same 
power main. Prior an devices lack this ability to interactively 
provide power without interference to other electrical equip- u 
ment. 

The method cf Ihe present invention used with the above- 
described apparatus indudes the pre-selection of optimum 
workpiece tempe ra tures, the setting of te mp e ra ture limits 
above and below which the operator is alerted that optimum x 
conditions arc not present, Ihe setting cf a second set of 
limits above and below which the power supply for the 
wdtfing operation is temporarily interrupted, and the pro¬ 
gramming of the automatic adjustment of power settings cf 
file welding operation power source output as a function of 55 
workpiece temperature, optimizing the selection of welding 
variables including type of wdd method, welding operation 
power source output settings, electrode diameters, work¬ 
piece parameter settings, and other variables to achieve the 
most desirable wdded joint during prequalification of Ihe so 
wdd procedure. 

The method cf Ihe present invention is utilized not only to 
achieve precision are wdding. but is also used to: ( 1 ) 
prequalify weld operators by monitoring die ability of die 
wdd operator to control actual are energy values including 63 
current and voltage against preset values; ( 2 ) train weld 
operators utilizing the monitoring and record of the opera- 
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tor’s ability to control arc energy values including actual 
current and voltage against preset values for different wdd 
procedure conditions and positions; ( 3 ) improve die perfor¬ 
mance cf wdd operators by providing real time audible or 
visual feedback indicating to the weld operator actual wdd 
energy power values including voltage and current versus 
preset values as well as wor k piec e operation parameters 
such as workp i ece temperature; (4) contemporaneously 
monitor die performance of both welding and workpiece- 
operations, as well as welder p erformance, to provide 
greater assurance of the consistent performance of precision 
welding; and (5) monitor and record both preset and actual 
critical weld and workpiece operation parameters to facili¬ 
tate greater assurance of the consistent performance of 
precision wdding that conforms to preset optimum condi¬ 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding cf the invention may be 
bad by reference to the following Detailed Description when 
taken in conjunction with the accompanying Drawings in 
which: 

FIG. 1 is a schematic diagram of the apparatus of the 
present invention used in conjunction with an inverter type 
welding machine, 

FIG. 2 is a circuit diagram of the control logic circuitry of 
the apparatus cf the present invention; and 

FIG. 3 is a flow diagram of the steps included in the 
method of the present invention disclosed herein. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, there is shown a schematic 
diagram of Ihe present invention apparatus. A single power 
supply It is connected to a power source controller 12 by 
means of a power supply cable 14. Far purposes of illus¬ 
tration only, the power supply 14 is a 460 volt, three-phase, 
30 amp source. B should be noted Quit any suitable power 
supply can be used, if desired. 

A wdding power source 16 is connected to the power 
source controller 12 by means of a second power cable 18. 
The welding power source 16 converts power provided via 
the power source controller 12 from the power supply 10 to 
a higher amperage, lower voltage supply suitable for arc 
welding. In a preferre d embodiment, the power source 
controller 12 is a WELDS MAST™ unit and the welding 
power source 16 is an inverter type welding machine such as 
a Miller model XMT-300. The Miller XMT-300 wdding 
power source is rated at 300 amps output At full load it 
requires a maximum input of 21 amps of 460 vail three- 
phase power. Importantly, the power source controller 12 
provides power without interfering with the power supply to 
other electrical equipment operating on the same power 
main due to switching transients or unbalanced phase load¬ 
ings. 

The welding power source 16 is further connected 
through a power tap 26 to a welding torch 22 by a welding 
lead 24. A workpiece 26 is connected to a return tap 28 of 
the wdding power source 16 by a return lend 3*. The 
wdding power source 16 is equipped with controls 31 for 
voltage and/or current (amperage) and circuitry 32 which 
monitors actual voltage and/or current A display 33 on the 
welding power source 16 visually presents the actual voltage 
and/or current during wdding operation. The wdding power 
source 16 is further equipped with a multi-pin port 34 which 
is uriliTed to remotely set and monitor the functions of the 
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voltage/current control and monitoring circuits 31 & 32- fa 
a preferred embodiment, the muM-pin peat 34 is connected 
to a s imilar second multi-pin port 36 on the power soiree 
controller 12 by a multi-wire control cable 38. 

The power source controller 12 includes a he a t ing power 
supply 4* which is connected through heating power source 
connector 42 via beating power leads 44 to the means for 
heating the workpiece 46. The means for beating a work¬ 
piece 46 are placed around the workpiece 26 adjacent to the 

site of the weld. Although the means for beating a workpiece 

26 are illustrated as resistance heating pads, any suitable 
means for heating a workpiece, such as means using radiant 
twit or induction heating, can be ntiHzerf. if so desired. As 
power is provided to the means for heating a workpiece 46. 
the temperature of the workpiece 26 is raised to facilitate 
welding. The prevision and precise control of the tempera¬ 
ture of a workpiece before, during and folkwing an actual 
weld procedure is critical to the quality of the resultant wdd. 
In a preferred embodiment, the heating power source output 
is regulated to a maximum cl 8S volts of alternating current. 


tivity of the present invention appar a tus. The central control 
microprocessor 6# is connected to all of the other compo¬ 
nents of the power source controller 12. As illustrated in 
FIG. 2, the central control microprocessor 66 interactively 
coordinates the functions of these components to fa ci lit a t e 
continuous precision welding. Predetermined values far a 
welding procedure are entered into the central control micro¬ 
processor. In a preferred embodiment, entered data typically 
includes, but is not limited to,: (1) weld tag number, (2) line, 
vessel or workpiece i dentifi ca ti on; (3) location and name of 
the plant where the operation is being performed; (4) weld¬ 
ing engineer, the weld operator and wdd inspector, (5) 
minimum preheat temperature; (6) optimum preheat tem¬ 
perature; (7) minimum interpass temperature; {8) optimum 
low Interpass temperature; (9) optimum high interpass tem¬ 
perature; (10) maximum allowable intripaw temperature; 
(11) voltage and/or amperage settings; (12) lower i nterp ass 
alarm te m per a ture; (13) upper interpass alarm temperature; 
(14) vottage/amperage adjustment rate as a function of 
interpass temperature; (13) post wdd heal treatment 


Additionally, the power source controller 12 thaws on all » (pWHT) ^ (16) PWHT initial temperature 

_■__ MKiUhi mnfntztnt the " ' ^ . • '_ ’ _ _*__ 


three phases of the pewer main equally and modulates the 
current drawn from the power supply 18 in a controlled and 
incremental rale to provide power to the means for heating 
a workpiece 46. This type of control allows far precise 
control of the t emp er a ture of the workpiece 26. 

The power source controller 12 also includes a tempera¬ 
ture control unit 48 which is connected to means for sensing 
temper a ture of the workpiece 58 via sensing line 52. 
Although the means for sensing temperature 58 is illustrated 


set-point; (16) secondary PWHT ramp rate; (1 7) PW HT 
soak te mp er a ture; (18) PWHT soak time; (19) PWHT tem¬ 
perature fall rate; and (20) PWHT final control temperature. 

Variations in arc voltage current will invariably occur 
dne to movements of die welding torch 22 by the welding 
operator, variations in the workpiece surface, and the action 
of the molten metal dropping into the weld pooh The 
welding power source 16 responds to such variations and 


as a th»TTwir«iipie any MiitnWe me»ns for sensing the jq continuously adjusts actual output pewer to the means far 
temperature of a workpiece can be used, if so desired. The producing an electrical arc to main t ai n preset values. 

temperatur e control unit 48 is also connected to the heating Additionally, the central control microprocessor 60 cco- 

power supply 48 via twKng power supply line 54. The stantly monitors the power deman d and supply cf the 

temperature centred unit 48 controls the provision of power heating power source 48 of die power source controller 12 

to the for Kiting the workpiece 46 in conformance M and the welding power source 16 such that it can provide 

TYjift » pr o gr a mmed temp e ra ture profile and in response to power from the power supply 10 to one or both, individually, 

the means for sensing the temperature 50. H the temperature or simultaneously, fa response to input from the heating 

pf tfr. «wn« » p r o gr am med value. the means power source 48, the welding power source 16, the tem- 

far sensing the temperature 50 responds to this condition and perature control unit 48. the power monitor 56, the power 

the temperature control unit 48 signals the beating power w control unit 58 rod preprogrammed welding operational 
source 48 to provide additional output to the means for parameters and workpiece operational parameters. The 

tv.ring tto- wnrtp j>-™- Zrt thrrrtry railing die te mper a ture of power control unit 58 fa the power source controller 12, in 

the workpiece 26. On the other hand, if the temperature of response to a signal from the central control microproc essor 

work pi ece 26 rs«m fr w p edrtrrmiiK ti value, the means 68, limits the amount of power which can be diverted from 

for sensing temperature 58 senses this condition and the 43 the welding power source 16 to the heating power source 48 
temperature control unit 48 signals the heating power source of the power source controller 12 to prevent any disruption 

48 to provide less output to the for heating the of the welding arc control by the welding power source 16. 

workpiece 46. Power which is diverted to the heating power supply 48 is 

A unique feature of the temperature control unit 48 is the couverted to a higher amperage, lower voltage alternating 
precise control cf power output by the beating power senrce x current suitable far resistance heating. 

40 through incremental modulation of the output amperage. The welding operational parameters arc ideally monitored 

This feature regulates changes fa the heating power source by the central control microprocessor 68 al a frequency of at 
output to respond smoothly and slowly to commands from least once per second and as fast as twenty (20) tunes per 
the temperature control unit 48 so as to avoid any sodden second. The actual frequency selected will depend upon 
rhuny in on the power supply 18 which would « welding procedure specific considerations. At a high fio- 

otherwise adversely effect control erf the welding power quency of smh data monitoring and acquisition, the power 
source 16 or other electrical equipment supplied by the same source controller 12 is utiliz ed to monitor the skill and 
power supply 18. technique of toe weld operator in controlling toe touch and 

Also indnded in the power source controller 12 is a power weld pool utilizing different wdd processes in different wdd 

monitor 56 and » power control unit 58. The power monitor 60 positions. 

56 is connected to the second multi-pin port 36 and monitors The central control system 68 can be programmed to 

the power of the welding power source 16. The a utom a tic a lly change the vottagt/amperage controls 31 of 

power monitor 56 is also connected to the power control unit the welding power source 16 in response ^ changes in toe 

58 which, in turn, is connected to toe heating power source monitored temperature of toe workpiece 26. fa practice, the 

41 65 energy of the arc may well add sufficient heat to the 

A central control cricrofroccsscr 68 within toe power workpiece 26 so as to cause the workpiece temperature to 

source controller 12 accomplishes the operational interne- dimb toward the upper interpass temperature deviation lima 
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during the -welding operation. This phenomena will typically 
occur when the relative energy of tbe arc is high compared 
to tbe and natural rate of heat dissipation Of the 
workpiece 26. In such cases the power source controller 12 
gradually reduces power to the beating power source 40 to 
counteract the undesired rise to temperature. At the election 
of the welding operator or engineer, the central control unit 
66 can be programmed to begin to slowly reduce the output 
power from the welding power source 16 should the work¬ 
piece temperature continue to rise. This unique feature of the 
present invention is preferable to manually resetting the 
welding power source 16 output. Small incremental reduc¬ 
tions in output power to the welding torch 22 by the present 
invention as a function erf workpiece temperature assists the 
wdding operator in maintaining control of the weld pool 
size and shape and p re v ent s excessive splattering due to 
excessive beat and arc energy. This feature is especially 
useful on small workpieces or on workpieces of aluminum 
or similar alloys which often arc prone to increased weld 
pool size due to increasing workpiece temperatures as a 
result of tbe welding operation. This feature also facilitates 
die quick start of a welding operation by providing a boost 
of power immediately upon striking the welding torch 22. 
Once the welding operation begins, the output automatically 
can be decreased to normal operational levels. 

The central control microprocessor 6# can also be pro¬ 
grammed to cause the temperature control unit 48 to regulate 
the healing power source 4# output to follow a post-weld 
heal treating paogiam as presraihed by regulatory codes and 
recommended practices. Since such post weld heat treat¬ 
ments are performed only after completion of the welding 
operation, the central control unit 60 directs the power 
control unit 58 to divot all available input power to the 
heating power source 40 once actual welding operations are 
concluded. The temperature control unit 48 mo du la t es the 
output current of the beating power source 44 to cause the 
monitored workpiece temperature to follow the pre¬ 
programmed temperature set point. A unique capability of 
the present invention apparatus is the ability to disconnect 
the welding power source 16 from the power source con¬ 
troller 12 prior to or during a post weld beat treatmen t to 
allow dte welding power source 16 to be utilized for other 
welding operations without affecting the ability of the power 
source controller 12 to complete tbe post weld heat treat 
merit 

Another feature of the power source controller 12 is the 
ability of the unit to start tbe preheat of the workpiece 26 at 
a preset tune, hi a p refe r red embodiment tbe central control 
microprocessor 60 is equipped with a real time dock (not 
shown). In use, tbe wdding operator or wdding engineer 
presets the power source controller 12 to begin preheating 
the workpiece 26 at a predetermined time. This feature 
allows a workpiece 26 to be at die required preheat tem¬ 
perature at the start of a work shift, for example. 

The central control microprocessor 66 also includes; a 
display 62 for the visual presentation cf data, a keypad 63 for 
entry of data, and means for acquiring and storing data 64 for 
real time acquisition of welding ope r ational parameters, 
workpiece operational parameters and other data. Acquired 
or calculated data typically includes, but is not limited toj 
(1) actual welding output voltage vs. time; (2) actual weld¬ 
ing output amperage vs. rime; (3) workpiece temperature vs. 
time ; (4) voltage/current settings vs. time; (5) actual heating 
supply output voltage and amperage vs. tune; (6) preheat 
start tune; (7) time at which workpiece achieved minimum 
preheat temperature; (8) wdding operation initiation; (9) 
wdding operations completion; (10) total elapsed wdding 
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time; (11) total elapsed arc time; (12) total number of arc 
starts; (13) initiation of PWOT; and (14) FWHT completion. 
Tbe result is a complete log of welding operational 
parameters, workpiece operational parameters, and other 
3 weld identification information for subsequent use and/or 
output Data is stored by the means far acquiring and storing 
data 64 on any suitable data storage medium, such as 
magnetic tape or computer disk. Additionally, a data output 
module 66 directs data acquired and stored during a wdding 
to operation to a printer , plotter, chart recorder or like device, 
if a hard copy of the wdding log is desired. 

Means for producing an alarm 68 is also within the power 
source controller 12. Like the foregoing components of the 
power source controller 12, the means for producing an 
>4 alarm is connected to the central control microprocessor 66. 
The means for producing an alarm 68 produces a visual 
and/or audible alert when attempts at welding occur outside 
a predetermined range cf deviation from a preprogrammed 
optimum j ntn p* ** temperature. 

20 Specifically, the central control microprocessor 60 
receives a signal from the power control unit 58 that the 
power welding source 16 is drawing power at a time when 
the means for sensing the temperature 59 senses that the 
temperature of the wor k pie ce 26 is outside a first predeter- 
25 mined deviation range from a p re pr o g r am med optimum 
interpass te m pe ratu re. The central control microprocessor 
66 signals the means for producing an alarm 68 so that an 
audible and/or visual alarm will be presented to the welding 
operator. This alarm allows the welder to adjust his or hex 
30 technique and/or the settings of the weldiBg power source to 
bring the welding conditions back into the acceptable range 
of deviation from the preprogrammed optimum intexpass 
temperature before additi o nal a tt e mp ts at welding occur; 

3J Additionally, tbe central control microprocessor 66 will 
signal the power control unit 58 to temp or ari ly prevent 
output of power from the welding power source 16 to the 
welding torch 22 In the event attempts at welding occur 
outside a second predetermined range of deviation from the 
^ preprogrammed optimum interpass temperature. 

Remote post 7V on Ihe power source controller 12 and 
remote line 72 allow contemporaneous feedback of welding 
operational parameters and workpiece operational param¬ 
eters and presentation of alarms to a welding operator at a 
45 location remote from the power source controller 12. A 
remote keypad 74 allows a welding operator to enter data 
as wdd information ^ suefa M wdd t&g 

number, name, identification number, date, location, eta, 
into the central control microprocessor 66 of the power 
5 q source controller 12. Such data is acquired and stored by the 
means for acquiring and storing dda 64. along with the 
wdding operational parameters and workpiece operation 
parameters far the wdding procedure. Although the remote 
keypad 74 illustrated Is hard-wired to the power source 
55 controller 12, the remote keypad could also send data to the 
power source controller 12 via wireless transmission, if so 
desired. 

Although the present invention apparatus has been illus¬ 
trated using a stick arc wdding operation, the invention 
£0 would facilitate other arc wdding applications including but 
not limited to, gas tungsten arc wdding and metal inert gas 
wdding. 

A p r e ferred method of the present invention is illustrated 
in FIG. 3, wherein there is shown a flew diagram of flic 
63 steps. Initially, a wdd procedure is assigned for a wdding 
operation 166 . Typically, as mentioned previously herein, 
stub procedures are required, or at least recommended, by 
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laws or professional standards coveting a particular weld 
operation. Next, optimum welding operational parameters 

and workpiece operational parameters for said procedure are 

entered into an apparatus for facilitating precision wedding 
12 #. 'typically parameters include, but are not limited to: ( 1 ) $ 
minimum prebeat temperature necessary to activate outpra 
power from the welding operation power source; ( 2 ) maxi¬ 
mum preheat temperature above which the welding power 
source output will be deactivated; (3) target intopass tem¬ 
perature; (4) a first range of temperature deviation above or I0 

below which an alarm is triggered; (5) a second range of 

tenperature deviation above or below whkh welding opera¬ 
tion power source output is temporarily interrupted; ( 6 ) 
welding operation power source output settings, including 
voltage and ament; (7) welding electrode size and type, or 13 
filler metal wire size and feed rales; and (8) welding opera¬ 
tion power source output rate($) of change as a function of 
workpiece temperatures. 

Once these parameters are preset, the parameters are 
w mimtwt thro ugh actual welding operation on a test sped- 
men or test area to ensure that such preset parameters 
perform the weld procedure assigned 130. If the desired 
results arc not obtained using the preset parameters, one or 
mere of the parameters will be modified and steps 12 # and 
130 are repeated until step 13# indicates that the preset 23 
parameters produce the desired weld quality. The perfor¬ 
mance of one or more welding operators ia step 13# is 
reviewed by a welding engineer or the quality control 
inspector to determine whether a dd ition al reiterations of 
steps 12 # and 13# are needed. x 

Additionally, during step 13# one or more welding opera¬ 
tors e»n be qualified for the desired welding procedure (lc., 
determine whether they can perform tine desired welding 
procedure), r educing or eliminating the need for expensive 
and time-consuming destructive testing of wdd test coo- 35 
pons. T rainin g of welding operators con also occur during 
Step 130, if so desired. Under such circumstances, the wdd 
operator would be given contemporaneous feedback and/or 
shown a record of his or her attempts) to adhere to the 
assigned welding procedure. If needed, the weld operator 40 
would be given instruction and tips 00 how to improve his 
or her technique, as well as the opportunity for a d dition a l 


practice. 

Once the preset parameters have been finalized and one or 
more weld operators have been qualified as capa ble cf 43 
meeting the performance criteria of the assigned wdd 
procedure, actual production cf the def in ed precision weld¬ 
ing procedure on an actual production workpiece ia then 
accomplished (140). Step 14# includes welding operators) 
interactively welding on the wcrkpiecc(s) in response to so 
contemporaneous feedback of welding operational 
parameters, workpiece operati o nal parameters, alarms and 
tnmp nr n ry interruptions of the welding procedure. As pre¬ 
viously described, attemp ts at welding ou tside a first prede¬ 
termined te mpera ture deviation from the optimum pat am- 55 
eters are identified audibly or visually to the welding 
operator so (hat minute modifications in settings, form, etc. 
can be accomplished. Attempts at welding outside a second 
predetermined range of temprrahre deviation from the 
optimum parameters result in a temporary interruption cf fo 
power to the welding arc, thus preve n ti n g w eldin g until the 
fprimnm te mp e r ature range is regained. 

Occurring s imultaneo usly with step 140 is step 15#, 
wherein a wdd record is acquired on a real time basis and 
compiled by acquiring and storing a complete log of the 65 
wdding operational parameters and workpiece operational 
parameters during the wdding operation. 


Upon successful completion of steps 140 and 15#, die 
wdding engineer or quality control inspector evaluates die 
completed wdd by reviewing the wdd record 16#. Evalu¬ 
ation of die wdd record plays a key role in determining 
whether to proceed immediately with post wdd heat treat¬ 
ment before proceeding with the NOT inspection. The 
ability to jroceed directly from the wdd operation into 
PWHT can save valuable time and expense when the work¬ 
piece operation dictates that a relatively high interpass 
temperature is required. Under such circumstances the 
workpiece power source can be programmed to raise the 
W< ’i j p i « » t e m p eratures In a controlled fashion as prescribed 
by the applicable codes and recommended practices starting 
from the elevated jpt r « p »M t em p era ture without first allow¬ 
ing the workpiece to cool to perform NDT testing only to 
subsequently be required to re-heal the workpiece as part of 
the PWHT procedure. 

Additional uses for the compete wdd record include, but 
are not limited to; ( 1 ) providing assurance that the desired 
wdd procedures were properly and consistently imple¬ 
mented; ( 2 ) assisting in defining appropriate wdd and 
workpiece operations for future work on the same or similar 
workpieces; (3) training welding operators; (4) ev alua t ing 
the performance cf welding operators; (4) evaluating the 
of a wdd joint’s failure of NDT inspection; and (5) 

faWKtaring t em p er bead wdding. 

Only the preferred embodiments of the invention have 

been described. It should be understood that the invention is 

not limited to the embodiments disdosed. but is intended to 
embrace any alternative, modification, rearrange ments, or 
substitutes of puts or dements as fall within the spirit and 
scope of the invention. 

We claim: 

L An a p p ara tus to fuciHbiir flic consistent pe rform ance of 
precision wdding, comprising: 
a power source; 
a power source controller; 
mwin« for producing an e l ec t ri c arc; 
means for heating a workpiece, 
means for sensing temperature of the workpiece; 
said power source controller controlling the power source 
to interactively provide power output to the means for 
producing an electric arc and to the me a ns for heating 
1 a workpiece in response to input from the means far 
henting the workpiece, input from the means for sens¬ 
ing the te mperat ure of the workpiece, inprk from the 
mum for producing an dcctric arc, and predetermined 
wdding operational parameters. 
i x The apparatus of claim 1. wherein the power source 
controller i ndmina a power monitor and an interactive 
control m ic ro processor to monitor power demand and sup¬ 
ply of the means for producing an electric arc and power 
demand and supply of the means far beating a workpiece 
5 and to control interactive provision of power by the power 
source to the means for producing an electric arc and the 
!P«uw for heating a workpiece in response thaeto. 

3 . The apparatus of claim 1 , wherein the power source 
controller prevents output of the power source to the means 

3 for producing an dcctric arc until the means for sensing 
temperatur e of the workpiece detects a predete rmin ed mini¬ 
mum t emp er atu re value. 

4. The apparatus of claim 1 , wherein the power source 
controller controls power output of the power source to the 

s means for heating a workpiece in response to input from the 
manna for sensing temperature of the workpiece to mainta i n 
a predetermined optimum intopass temperature. 
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5. Hie apparatus of Haim 4, wherein the power source 
controller further includes means for producing an alarm 
when demand from the means for producing an electric arc 
occurs above or below a first predetermined range of devia¬ 
tion from the predetermined optimum interpass temperature. 5 

6. The apparatus of claim 5, wherein the alarm produced 
is visual 

7. The apparatus of claim 5, wherein die alarm produced 
is auditory. 

8 . The apparatus of claim I, wherein the means far Q 
heating a workpiece includes resistance heating. 

9. The apparatus of claim I, wherein the means for 
heating a workpiece includes induction heating. 

19. The apparatus of claim 1. wherein the means for 
heating a workpiece indudes radiant beating. 

11 . The apparatus erf claim 1, wherein the power source 15 
controller further indudes means far tempor ar ily interrupt¬ 
ing power output from the power source to the means for 
producing an electric arc when demand from the means for 
producing an electric arc occurs above or bdow a second 
predetermined range of deviation from the predetermined to 
op timum inlerpass temperature. 

12. The apparatus of claim 1, wherein the power source 
further l iylmks means far automatically modulating the 
output power of the means for producing an electric arc in 
response to deviations from a predetermined range of tern- js 
peratures of the workpiece. 

13. The apparatus of daim 12, wherein the means for 
automatically modulating the output power of the power 
source to the mr*n* for producing an electric arc modulates 
said output power at a programmed rate. 

14 The apparatus of claim 1, wherein the means for 
aiding the temperature of the workpiece is a bimetallic 
thermocouple. 

15. The apparatus of daim 1, wherein the means far 
t empera ture of the workpiece includes a radiant energy 
measurement device. 15 

14 The apparatus of claim 1. wherein the means for 
producing an electric arc is a conventional thyristor design. 

17. The apparatus of daim 1, farther inducting means for 

monitoring and displaying welding operational parameters 
and workpiece operation parameters. to 

18. The apparatus of daim 1, wherrin welding operational 
parameters are monitored at a frequency of at least ooce per 
second. 

19. The apparatus of Halm 1, farther inducting means for 
electronically acquiring and staring the wdding operational 43 
parameters and workpiece operational parameters monitored 
during wdding operations far subsequent retrieval and dis¬ 
play- 

29. The apparatus of daim 19, wherein the means for 
electronically acquiring and storing wdding operational so 
parameters and workpiece operational parameters further 
jfidudea dock means for referencing a sequence of data 
acquisition. 

2L The apparatus of daim 1, farther inducting m ea n s far 
displaying the wdding operational parameters and work- S3 
piece operational parameters monitored during wdding 
operations. 

22. The apparatus of daim 19, wherein the means for 
dectronirally storing welding operational parameters and 
workpiece operational parameters is a magnetic tape. 60 

23. The apparatus of daim 19, wherein the means far 
electronically storing welding operational parameters and 
workpiece operational parameters is a memory disk. 

24 The apparatus of daim 21, wherein the welding 
operational parameters and workpiece operational param- 63 
cters acquired and stored arc outputted to a printer, plotter or 
chart recorder. 
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25. The apparatus of claim 21, wherein the wdding 
operational parameters and workpiece operational param¬ 
eters acquired and stored arc outputted to a screen display. 

26. The apparatus of claim 21. wherein the wdding 
operation parameters and workpiece operational parameters 
acquired and stored are outputted to a computer disk. 

27. The apparatus of daim 1, further inrinding means far 
providing to an operator of the apparatus contemporaneous 
feedback of wdding operational parameters and workpiece 
operational parameters and alarm status during welding 
operation. 

28. The apparatus of claim 27, wherein the contempora¬ 
neous feedback is auditory. 

29. The apparatus of daim 27, wherein the contempora¬ 
neous feedback is visual. 

30. The apparatus of daim 27, wherein the means far 
providing contemporaneous feedback to the operator of the 
a pp ar atus farther includes means for providing said contem¬ 
poraneous feedback to a location remote from the apparatus. 

31 . The apparatus of daim 39, wherein the means for 
remote provision of contemporaneous feedback i nc ludes 
wired transmission. 

32. The a pp ara tus of daim 30, wherein the means far 
remote provision of contemporaneous feedback in cl u des 
wireless transmission. 

33. The apparatus of daim 30, wherein the means far . 
remote provision of cont empo r an eous feedback indudes a 
keypad for input of data with the power source controller 
from the remote location. 

34. The apparatus of daim 33, wherein the data input with 
the power source controller includes weld identification 
in formation. 

35. The apparatus of daim 34, further including means to 
prevent welding operations from o ccurring if the weld 
Identification entered into the power source controller does 
not match predetermined values far a particular wekl opera¬ 
tion. 

36. An apparatus to facilitate the consistent performance 
of precision welding, comprising: 

a power source; 
a power source controller; 
means far producing an electric arc; 
means for heating a workpiece; 
me*"* for sensing t em per a tur e of the workpiece; 
said power source controller in clu d in g a monitor and 
interactive control circuitiy to monitor power demand 
and supply of the means for producing an electric ate 
and power demand and supply of the means for heatin g 
a workpiece; 

said power source controller further in cluding means for 
producing an alarm when demand from the means for 
producing an electric arc occurs above or bdow a first 
predetermined range of deviation from a predetermined 

optimum interpass te mp e ra ture; 
said power source controller further Including means for 
temporarily int e rrup ti ng power output from the power 
source to the means for producing an electric arc when 
demand from the means for producing an electric arc 
occurs above or below a second predetermined range of 
deviation from the predetermined optimum interpass 
temperature; 

said power source controller further including means far 
automatically adjusting output of the power source in 
response to deviations in the temperature of the work- 
piece as sensed by the means for sensing temperature of 
the workpiece; 
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means for electronically acquiring and storing welding 
operational parameters and workpiece operational 
parameters monitored daring welding operations for 
subsequent retrieval and display; 
meant for providing to an operator of die apparatus 5 
contemporaneous feedback of wdding operational 
parameters and workpiece operational parameter and 
alarm status during welding operation; and 
meant for data input to the power source controller; 
said power source controller controlling the power source 
to interactively provide power output to the means for 
producing an electric arc and to the means for beating 
a workpiece in response to input from the means for 
heating (be workpiece. Input from the means for sens¬ 
ing the temperature of the workpiece, input from the 1 
means for producing an electric arc, input from the 
means far data input, means for automatically adjusting 
output of the power source in response to deviations in 
the temperature of the workpiece, ^ 

and predetermined welding operational parameters. 

37. An appa r a t us for beat treatment of a workpiece 
powered from a power main having other electrical equip¬ 
ment drawing power from said power main, comprising: 
a power source; 25 

a power source controller, 
means for hearing a workpiece; 
means for sensing temperature of the workpiece; 
said power source controller m odu l a tin g power output to 
the means for bearing a workpiece hi response to input so 
from the incan* far heating the workpiece, input from 
the means for scaring the temperature of the worfcpi nee 
and predetermined workpiece operational parameters; 
and 

said power source controller capable of modulating power 33 
output to the means for beating a workpiece without 
interfering with supply of power to additional electrical 
equipment powered by said power main. 

38 The a pparatus of dnini 37, wherein the power source 
draws on all three phases of said power main equally. to 
39. The a pparatus of Harm 37, wherein the power source 
provides alternating current output to the mraas for heating 
a workpiece. 

49. The apparatus of claim 37, wherein the power source 
controller modulate s amperage output of the power source. 43 

41. The apparatus of Haim 49. wherein modulation of the 
amperage output of the power source is at a controlled and 
incremental rate. 

42. The apparatus of claim 37, wherein die power source 
controller automatically adjusts the output power of the 30 
power source In response to deviations in the temperature cf 
the workpiece. 

43 . The apparatus of Haim 42, power source controller 
automatically adjusts the output power of the power source 

in response to deviations i n ***** tamperanmc rf the workpiece 33 
at a p r ogra mmable controlled and Incremental rate. 

* n>f apparatus of Haim 37, further inrfudny means for 
electronically acquiring and staring the workpiece opera¬ 
tional parameters monitored during workpiece operations 
for subsequent retrieval and display. 60 

45. The apparatus of Haim 44, wherein the means for 
electronically acquiring and staring workpiece operational 
parameters further includes dock means for referencing a 
sequence of data acqu i s it i o n. 

46. The apparatus of claim 37, further including means for 63 
displaying the workpiece operational parameters acquired 
and stared during workpiece operations. 


47. The apparatus of claim 44, wherein the means for 
electronically staring workpiece operational parameters is a 
magnetic tape. 

48. The app ara tus of Halm 44, wherein the means for 
electronically storing workpiece operational parameters is a 
computer disk. 

49. The apparatus of claim 46, wherein die workpiece 
operational parameters acquired and stared are outputted to 
a printer, plotter or chart recorder. 

58. The apparatus of daim37. further including means for 
providing to an operator of the apparatus contemporaneous 
feedback of wortpkr* operational parameters during work¬ 
piece operations. 

51. The apparatus cf daim 37, wherein output from the 
m retire far heating a workpiece is varied by incrementally 
inrrrenring or decreasing Ihe amperage output provided to 
the means for bearing a workpiece. 

5Z A method to facilitate consistent precisian are welding 
operations, comprising the steps of: 

assigning a weld procedure far a welding operation; 
entering optimum welding operational parameters and 
workpiece operational parameters for said procedure 
into an apparatus for facilitating precision wdding; 
interactively welding in response to contemporaneous 

feedback cf wdding operational parameters, temporary 
interruption of the welding operation, workpiece opera¬ 
tional parameters and alarms; and 

acquiring and storing a log of wedding operational poram- 
CtCTB. 

53. The mertwvt of Halm 52, further including the step of 
displaying the welding operational parameters and work¬ 
piece operational parameters. 

54 The method of daim 52, further including the step of 
programming iateractive output from a means for producing 
an electric arc as a function of the temperature of the 
workpiece. 

55 . A method of evaluating performance cf a welding 
operator, comprising the steps of: 

■resigning a wdd procedure for a welding operation to 
evaluate performance of the wdding operator, 
entering optimum wdding operational parameters and 
workpiece operational parameters for said procedure 
into an apparatus for facilitating precision wdding; 
run-dng the welding operator to interactively weld in 
response to wwt n sji n w imm feedback of wdding 
fljur a iwul parameters, temporary interruption of the 
welding operation, workpiece operational parameters, 
and alarms; 

acq uiring aid storing a log of welding operational param¬ 
eters; and 

comparing the log of wdding operational parameters 
recorded to the assigned wdd procedure to evaluate the 
performance cf the wdding operator. 

54 A meth od of training wdding operators, c ompri si ng 
the steps of: 

ass igning a wdd procedure for a wdding operation; 
filte ring optimum welding operational parameters and 
workpiece ope r a tional par ameter s for said procedure 
into an apparatus for facilitating precision wdding; 
ranting one or more welding operators to interactively 
wdd in response to co ntem por an eous feedback of 
welding operational parameters, temporary interruption 
of the wdding operation, workpiece operational 
parameters, and alarms; 

acquiring and staring a log of welding operational param¬ 
eters; and 
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displaying the log of welding operational parameters 
acquired and stared and the assigned weld procedure to 
train the welding operators. 

57. A method of ensuring compliance with mandated or 
recommended weld practices and procedures, composing s 
the steps of: 

ass igning a mandated or recommended weld procedure 
for a welding operation; 

entering optimum welding operational parameters and 
workpiece operational parameters far said procedure 10 
into an apparatus for facilitating precision welding; 
interactively welding in response to contemporaneous 
feedback of welding operational parameters, temporary 
interruption of the welding operation, w o r kpi e c e opera- l3 
tiooal parameters, and alarms; 
acquiring and staring a log of welding operational param¬ 
eters; and 

c omparing the log of welding operational parameters 
recorded to the required weld procedure to verily 20 
c ompliance with the procedure. 

58. A method of deter mining the cause of a weld joint to 
fail NDT inspection, comprising the steps of: 

assigning a requited weld procedure for a welding opera¬ 
tion; 25 

entering optimum welding operational parameters and 
workpiece operational parameters for said procedure 
into an apparatus for facilitating precision welding; 
interactively welding in response to contemporaneous 
feedback of welding operational parameters, temporary 
interruption of the welding operation, workpiece opera¬ 
tional parameters, and alarms; 
acquiring and storing a log of welding operational param¬ 
eters and workpiece operational parameters; and M 
examining the log of welding operational parameters and 
workpiece operational parameters acquired and stored 
to determine cause of welded joint to fail NDT inspec¬ 
tion. 

59. The method of claim 58, further including step of <0 
examining the log of welding operational parameters and 
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workpiece operational parameters acquired and stored to 
determine the potential for a wdd joint to fail NDT inspec¬ 
tion. 

60. A method of determining whether immediate post 
weld treatment of a weld is feasible without foe need for 
cooling and/or examining foe workpiece, comprising foe 
steps of: 

assigning a wdd procedure for a welding operation; 
entering optimum welding operational parameters and 
workpiece operational parameters for said procedure 
into an apparatus for facilitating precision welding; 
interactively welding in response to contempor an eous 
feedback cf welding operational parameters, temporary 
interruption of the welding operation, workpiece opera¬ 
tional parameters, and alarms; 
acquiring and storing a log of welding operational param¬ 
eters and workpiece operational parameters; and 
examining the log of welding operational parameters and 
workpiece operational para meters acquired and stored 
to determine cause of welded joint to fail NDT inspec¬ 
tion. 

(L A method for eliminating the need for post wdd heat 
treatment for a welding operation, comprising the steps of: 
assigning a temperbead wdd procedure for a welding 
operation; 

entering optimum welding operational parameters and 
workpiece operational parameters for said procedure 
into an apparatus for facilitating precision welding; 
interactively welding in response to contemporaneous 
feedback of welding operational parameters, 
temporary, interruption of the welding operation, work- 
piece operational parameters, and alarms; 
acquiring and storing a log of welding operational param¬ 
eters and workpiece operational parameters; and 
examining the log of welding operational parameters and 
workpiece operational parameters acquired and stared 
to confirm effectiveness of said procedure. 


* * * * » 
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Detailed Description Text - DETX (12): 

In an alternative embodiment (not shown), the 
temperature sensor/controller, 

or comparator, 34 is replaced by a programmable 
timer. Such a programmable 

means allows the operator to begin operations at a 
predetermined time to heat 

metal to a desired temperature at a desired rate, 
both the desired temperature 

and the rate of heating (e.g., percentage power) 
being predetermined and 

programmed into such a device, as well as the time 
of commencement of 

operations. Regardless of whether a programmable 
means is provided, the 

present invention optionally contemplates the use 
of a chart recorder for 

monitoring the temperature of the metal, lapsed 
time of operation, and/or the 

duty cycle of applications power supply 22 as a 
function of time as known in 
the art. 


Claims Text - CLTX (9): 

4. The apparatus of claim 1 additionally 
comprising means for recording the 

duty cycle of the applications power supply or the 
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[57] ABSTRACT 

Method and apparatus for increasing the efficiency and 
safety of conducting heat treating operations with con¬ 
ventional welding equipment by eliminating mechani¬ 
cally-operated contacters. The apparatus operates on 
low power and produces low power level signals and 
controls power sources capable of producing high 
power levels for both welding operations and powering 
a heating element for heat treatment. The signal pro¬ 
duced by the apparatus reflects a difference between an 
operator-selected desired temperature and the actual 
temperature of the workpiece and is current limited to a 
level proportional to the operator-selected desired 
power level of the welding power source to control the 
rate at which the heating element connected thereto 
heats the workpiece. 

20 Claims, 1 Drawing Sheet 
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HEAT CONTROLLER AND METHOD FOR HEAT 
TREATMENT OF METAL 

BACKGROUND OF THE INVENTION 5 

The present invention relates to an apparatus and 
method for controlling the heating of metal such as for 
pre-weld or post-weld heat treatment, stress relief, or 
for controlling the heating of metallic conduits and 1Q 
containers to prevent the freezing and improve the 
fluidity of materials contained therein. In more detail, 
the present invention relates to an apparatus which 
controls an applications power supply for heating a 
workpiece to a desired temperature at a desired rate ^ 
without passing the power produced by that power 
supply through that apparatus as well as a method of 
controlling that power supply to achieve that same 
result. 

The importance of heating metal before, during, and- M 
/or after welding is well documented. Preheating, a 
term used to describe heating both prior to and during 
welding, helps prevent the terminal strains set up during 
welding that can crack the weld, protects against the 
high thermal conductivity of, for instance, relatively 
thick carbon steel which causes beat loss from the 
welded area, increases the diffusion rate of crack-pro¬ 
moting hydrogen, facilitates removal of hydrogen from 
a welded joint, and drives off harmful moisture. Post¬ 
heating, or post-weld heat treatment, relieves residual jq 
stresses in the weld due to the restraint by the parent 
metal during weld solidification to provide increased 
ductility in the weld metal and a decrease in hardness, 
improves corrosion resistance and resistance to caustic 
embrittlement, and improves machining stability. Rec- 35 
ognition of the importance of heat treating throughout 
the metal-working and fabrication industry has given 
rise to a whole industry in which companies specializing 
in heat treatment render, for instance, on-site heat treat¬ 
ing services on a contract basis during, for instance, the 40 
construction of bridges, refineries, nuclear reactors, and 
other structures which must be welded. 

In spite of the availability of these contract services 
and the recognized importance of heat treatment, there 
remains a large number of welds that are not heated, 45 
pre- or post-weld, or which are not effectively heat 
treated, because of the cost of such treatment, a lack of 
necessary equipment, or because such treatment is 
deemed unnecessary because the metal joint has been 
“over-engineered”, c.g., made of metals that are so so 
much stronger/durable than is required by the particu¬ 
lar application that they arc strong enough to meet 
specifications even after they are weakened by the 
weld. It is to these latter wasteful efforts that the present 
invention is directed in that an apparatus and method 55 
are provided that are so relatively inexpensive to pur¬ 
chase and easy to operate that heat treatment is brought 
within the means and capabilities of any legitimate 
welder and/or fabricator. 

Another goal of the present invention is to provide an 60 
apparatus for use in heat treatment that operates in 
conjunction with the equipment which is commonly 
used for welding and/or heat treating metals. 

Another goal of the present invention is to provide a 
method of using the equipment which is commonly 65 
used for welding and/or heat treating metal. 

Another goal of the present invention is to provide an 
apparatus and method by which the rate at which the 


metal is heated.is controlled, again with commonly used 
welding equipment. 

Another goal of the present invention is to provide an 
apparatus for heating metal which is light in weight and 
small, thereby facilitating the transport of the apparatus. 

Another goal of the present invention is to provide an 
apparatus and method for use in conjunction with the 
equipment commonly used for welding and/or heat 
treating metals which controls the power output of such 
equipment at two selected power levels for pulsed oper¬ 
ation. 

Another goal of the present invention is to provide an 
apparatus and method for controlling the heating of 
metal to prevent freezing or improve the fluidity of 
materials contained within a metallic component such 
as a tank or pipeline. 

A particularly important goal of the present inven¬ 
tion is to provide a method and apparatus by which a 
metallic workpiece is heated to a desired temperature at 
a desired rate without passing the power used to heat 
the workpiece through the circuitry used for control¬ 
ling the power supply, thereby increasing the safety of 
that equipment. 

Other goals, and the advantages, of the present inven¬ 
tion will be made clear by the following description of 
a presently preferred embodiment thereof. 

SUMMARY OF THE INVENTION 

In a first aspect, the present invention is directed to an 
apparatus for controlling the heating of a metallic work- 
piece to a desired temperature comprising a means for 
sensing the te m perature of the metallic workpiece that 
outputs a signal proportional to that temperature, a first 
connector for receiving input power from an external 
power source, and means operating on the power re¬ 
ceived from that first connector for receiving the output 
signal from the temperature sensing means and output¬ 
ting a signal responsive to the difference between a 
desired temperature, which is operator selected, and the 
temperature sensed by the sensing means. That differ¬ 
ence signal is used to turn an applications power supply, 
e.g., a rectifier, inverter, or other power source, for 
powering a heating element, on and off. Means is pro¬ 
vided for limiting the current of the difference signal 
that outputs a current limi ted signal proportional to the 
desired power level, also operator selected, of the appli¬ 
cations power supply to control the rate of heating of 
the metallic workpiece by the heating element, the cur¬ 
rent limited signal being transmitted to the applications 
power supply by a second connector. 

In another aspect, the present invention is a method 
for controlling the heating of a metallic workpiece to a 
desired temperature comprising the steps of selecting a 
temperature to which it is desired to heat the work- 
piece, sensing the temperature of the workpiece, and 
comparing the sensed temperature of the workpiece to 
the desired temperature. If the sensed temperature is 
greater than the desired temperature, a signal is output 
and then current limited so that the current level is 
proportional to the desired power level of an applica¬ 
tions power supply. The current limited output signal is 
then output to the applications power supply to switch 
the applications power supply on to heat the workpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a representative system including the 
apparatus of the present invention. 
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FIG. 2 is a schematic diagram of a presently pre¬ 
ferred embodiment of an apparatus constructed in ac¬ 
cordance with the present invention. 

DETAILED DESCRIPTION OF THE 3 

PREFERRED EMBODIMENT 

Welding operations require a fairly healthy capital 
investment in equipment, and the equipment required 
for even modest welding capabilities is fairly substantial 
in si7f , and especially in weight, which therefore neces- 10 
sitates additional investment in transport equipment. 
Even with the relatively recent widespread availability 
of reliable and efficient light-weight power inverters, 
on-site welding requires a power source such as a gaso¬ 
line or diesel powered generator, a rectifier or inverter, 15 
various control equipment depending upon the type of 
welding, cables, and so on. If the welder also expects to 
heat treat, various finger elements, ceramic pad heaters, 
braided heaters, or other beating elements, connectors, 
control boxes, cables and, in many cases, power 20 
sources, may also be required. 

It is now fairly common to use a common power 
supply, operating off of a generator, to supply power 
for both heat treating and actual welding operations 
(hence, the use of the phrase “applications power sup- 25 
ply” throughout this specification) such that at least 
some duplication in equipment has been eliminated. 
However, regardless of whether the applications power 
supply is used for heat treatment or welding, it is gener¬ 
ally considered to produce power at levels sufficient to 30 
be considered dangerous if not used properly even at 
relatively modest output capabilities. The power levels 
required for welding (e.g., from as few as about 2-5 
amperes at about 10 volts up to as high as several thou¬ 
sand, or even 10,000, amperes at, for instance, 80 volts 35 
for certain types of welding) and heavy loads which the 
various types of resistive heaters used for heat treatment 
present to the applications power supply require that 
the applications power supply be a source of what can 
be termed “high power” for the purposes of this spccifi- 40 
cation. These high power sources are, of course, part of 
a circuit when used for heat treating, and turning them 
on and off to control the temperature to and the rate at 
which the workpiece is heated requires a switch which 
opens or closes the circuit through which that high 45 
power current is routed. 

Such switches are contained in a controller, many of 
which can be characterized as a metal box in which a 
contacter is located for closing the circuit to the weld¬ 
ing tip and/or heating element These con tact ers are 50 
generally considered to be the weakest link in the cir¬ 
cuit ivwiw they are the most likely part of the circuit 
to fail. They are necessarily large (to handle, for in¬ 
stance, 80 volts at 500 amperes, they must be) and one 
pole is always ”live”. It is not uncommon for the live 55 
contacter to ground out against the metal control box; 
another relatively common occurance, when a contac¬ 
ter fails, is that the contacter fuses closed such that there 
is no way to turn the circuit off. 

Adding to these difficulties with such equipment is 60 
the fact that the control box, having the contacter lo¬ 
cated therein, represents a spark gap which, because of 
the deposition of splash over time, increases in size. 
Explosions and fires on industrial sites as a result of 
welding and/or heat treating operations are, unfortu- 65 
nately, a relatively common occurrence, and this spark 
gap is probably the source of more such accidents than 
any other single component welding equipment. 
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In addition to these safety problems, because the 
contacters are expensive (even a small contacter may 
cost the contractor $75-90, most are in the $300-400 
range, and large contacters may cost up to $1500), they 
are usually sized to the job; in other words, a much 
larger contacter is used in a contacter box on a job 
requiring 80 volts at 500 amperes than a job requiring 40 
volts at 200 amperes. It is common to use the same 
contacter box (within certain power ranges) and switch 
out the contacters. Predictably, the used contacters end 
up being thrown into a box, and after several jobs, the 
welding contractor accumulates a wide assortment of 
used, but still usable, contacters. A problem arises when 
used contacters are subsequently re-used on jobs for 
which they may not be properly sized, thereby creating 
a safety hazard. The method and apparatus of the pres¬ 
ent invention eliminate the contacter box and the atten¬ 
dant safety problems from the circuit, and as noted 
above, the primary goal of the present invention is to 
increase the safety of using an applications power sup¬ 
ply. 

A controller, indicated generally at reference nu¬ 
meral 10, constructed in accordance with the present 
invention is shown in FIG. 1, which represents a system 
suitable for heat treating workpiece 12. The system 
includes a temperature sensing means such as a thermo¬ 
couple or other temperature sensor 14 as are well- 
known in the art connected to controller 10 by a pair of 
leads 16 for sensing the temperature of workpiece 12 
and outputting a signal proportional thereto. Controller 
10 is provided with a first connector, indicated gener¬ 
ally at 18, for receiving input power from an external 
power source (not shown), normally either 120 or 240 
volt, single phase, and second connector 20 for trans¬ 
mitting an output signal therefrom to an applications 
power supply 22. Applications power supply 22 is, for 
instance, a conventional rectifier or voltage inverter 
having positive and negative terminals 24 and 26, re¬ 
spectively, to which cables 28 and 30 are connected for 
powering a heating element such as a ceramic heating 
pad 32. Applications power supply 22 likewise receives 
input power from an external source (not shown) or 
primary line, such as a generator, normally supplying 
120/240 volt, single phase current or 240-575 volt, 
three phrase current. 

Referring now to FIG. 2, the controller 10 is shown 
in more detail. In a presently preferred embodiment, 
controller 10 includes two major components, the first 
of which comprises means operating on the power re¬ 
ceived from an input power cable, or first connector 18, 
which receives the signal from temperature sensing 
means 14 and outputs a signal responsive to the differ¬ 
ence between a desired temperature and the tempera¬ 
ture sensed by sensing means 14 in the form of, for 
instance, a temperature sensor/controller, or compara¬ 
tor 34. Temperature sensor/controller 34 outputs a 
signal responsive to the difference between a desired 
temperature selected by the operator with control knob 
36 thereof and the temperature sensed by thermocouple 
14 through second connector 20 to turn applications 
power supply 22 on and off. In a presently preferred 
embodiment, comparator 34 comprises a Honeywell 
“DIAL-A-PACK” controller, but those skilled in the 
art who have the benefit of this disclosure will recog¬ 
nize that other similar controllers will function equally 
well for this intended purpose. Controller 10 is option¬ 
ally provided with a timer for manually determining a 
time at which heating operations are to begin. 
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The second major component of controller 10 com¬ 
prises means for limiting the current of the signal output 
from temperature sensor/controller 34 that, in turn, 
outputs a current limited signal proportional to a de¬ 
sired power level of the applications power supply 22 to 
control the rate of heating of the metallic workpiece by 
heating element 32. This current limiting means, in a 
presently preferred embodiment, takes the form of a 
potentiometer 38, having output power knob 40 (see 
FIG. 1) calibrated in percentage power output of the 
applications power supply 22, for selection of the de¬ 
sired power level of the applications power supply 22 
by the operator. The current limited output signal of 
potentiometer 38 is then transmitted to applications 
power supply 22 through second connector 20. Means 
is optionally provided, in the form of a second potenti¬ 
ometer 48 and interval timer-controlled switch 50 (both 
shown in shadow lines in FIG. 2 because they are op¬ 
tional) for switching back and forth between circuits 
including potentiometer 38 and potentiometer 48 at 
selected time intervals, or frequency, to pulse the power 
output of applications power supply 22 from a first 
power level to a second power level. As is apparent to 
those skilled in the art from the forgoing description, 
appropriate control or selector knobs (not shown) are 
provided for selecting the second power level using 
potentiometer 48 and the frequency with which switch 
50 switches back and forth between potentiometer 38 
and potentiometer 48. As shown in FIG. 2, controller 
10 is also provided with an on/off switch 42, “power 
on” indicator lamp 44, and re-settable ground fault fuse 
46, all as known in the art. 

Connector 20, in a presently preferred embodiment, 
is an amphenol-type and plugs directly into certain 
commercially available applications power supplies 
which are provided with input jacks for remote control¬ 
lers used during welding operations. For instance, the 
Model MP 1500, 2800, 3500, and 5000 power inverters 
available from Kemppi Inc. (Mentor, Ohio) all include 
an input jack for such an amphenol-type connector into 
which, for instance, a Kemppi C100C remote control is 
plugged for stepless adjustment of current ranges and¬ 
/or pulse ratio during welding operations. Such remotes 
include controls that duplicate the percentage power 
output selector knob 50 of applications power supply 
22, and output power knob 40 of potentiometer 38 of 
controller 10 of the present invention effectively func¬ 
tions in place of selector knob 50. Although not limited 
to use solely with an inverter or solid state power sup¬ 
ply, there arc advantages to using controller 10 of the 
present invention with such power supplies, specifi¬ 
cally, electronic power control on the primary side and 
electronic regulation with low power control. By using 
other connectors and/or adapters (not shown), control¬ 
ler 10 of the present invention is used for heat treatment 
with any applications power supply that includes a 
remote control input jack. 

As noted above, controller 10 is powered by an exter¬ 
nal power source. Thai external power source can be 
powered by a battery, 120 or 240 volt 50/60 Hz single 
phase source, or other readily available power source as 
is known to those skilled in the art who have the benefit 
of this disclosure, when combined with the proper con¬ 
verter and/or other circuitry for operating on that 
power source. As is clear from the preceding descrip¬ 
tion, the power levels on which controller 10 operates, 
and the output signal thereof, are but a fraction of the 
power levels which some applications power supplies 


are capable of producing. Such low power levels, along 
with the elimination of a control box including the con¬ 
tacted, make the use of the controller 10 for operating 
an applications power supply much safer than the man- 
5 ner in which conventional power supplies are used for 
heat treatment. Further, the added convenience of the 
automatic on and off cycling of applications power 
supply 22 under the influence of controller 10 once the 
sensed temperature and the desired temperature are 
10 equal, greatly facilitates proper heat treatment. 

In an alternative embodiment (not shown), the tem¬ 
perature sensor/controller, or comparator, 34 is re¬ 
placed by a programmable timer. Such a programmable 
means allows the operator to begin operations at a pre- 
15 determined time to heat metal to a desired temperature 
at a desired rate, both the desired temperature and the 
rate of heating (e.g., percentage power) being predeter¬ 
mined and programmed into such a device, as well as 
the time of commencement of operations. Regardless of 
20 whether a programmable means is provided, the present 
invention optionally contemplates the use of a chan 
recorder for monitoring the temperature of the metal, 
lapsed time of operation, and/or the duty cycle of appli¬ 
cations power supply 22 as a function of time as known 
25 in the an. 

Referring again to the figures, the method of the 
present invention will now be described. If, for instance, 
it is desired to preheat a weld joint between chrome/- 
molyodenom steel, four inch O.D., W.T. 0.5 inches, the 
30 interpass temperature during welding would be be¬ 
tween about 375" and 700* F. Controller 10 is operated, 
for instance, from a 120 V AC, 50/60 Hz single phase 
outlet, and a power inverter such as the Kemppi model 
MP 1500 inverter type power supply is connected to a 
35 220 V AC, 50/60 Hz single phase primary source. Two 
heating pads are attached to workpiece 12, one on each 
side of the joint about four to six inches from the center- 
line of the joint as is shown for heating element 32 in 
FIG. 1. Ceramic fiber insulation is then affixed around 
40 each heating pad and thermocouple 14 is inserted be¬ 
tween one of the heating pads and the weld joint. 

The pair of leads 16 of thermocouple 14 is connected 
to controller 10 and positive and negative terminals 24 
and 26 of the inverter are connected to the heating pads 
45 using two dual splitters (not shown). Second connector 
20 is connected to the remote input jack on applications 
power supply 22, and the appropriate switch (not 
shown) on that applications power supply 22 is posi¬ 
tioned for remote operation. Using selector knob 36 of 
50 controller 10, the desired temperature is set at between 
about 357' and 700* F., and selector knob 40 of the 
controller 10 is used to select a desired percentage 
power output, for instance, about 40%. Using this par¬ 
ticular power supply, the 40% desired power level 
55 limits output power to 60 amperes on a 100% duty 
cycle, each heating pad drawing a nominal 30 amperes. 
Both controller 10 and applications power supply 22 are 
then switched on. 

The temperature of workpiece 12 is then sensed and 
60 compared to the desired temperature, and comparator 
34 output a signal if the sensed temperature is less than 
the desired temperature (e.g., a “difference” signal). 
The current of that difference signal output by compar¬ 
ator 34 is then limited to a level proportional to the 40% 
65 desired power level of applications power supply 22 
and then transmitted to applications power supply 22 to 
switch the power supply on. Depending upon the cir¬ 
cuitry of comparator 34 (see above), the sensed temper- 
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ature of workpiece 12 and the desired temperature are 
either compared continuously or at regular intervals 
until they are approximately equal, at which time appli¬ 
cations power supply 22 is turned off when comparator 
34 ceases outputting the difference signal. As noted 5 
above, by activating the timer-controlled switch 50, 
applications power supply 22 is optionally switched 
between first and second power levels at a desired fre¬ 
quency. 

Although heating element 14 is shown as a ceramic 10 
heating pad, it is not intended that the apparatus of the 
present invention be so restricted. In s te a d , any electri¬ 
cally operated heating element such as a finger element, 
braided heater, or electrically operated infrared heater, 
may be used to advantage as a heating element in con- IS 
nection with the present invention. Further, it will be 
apparent that the applications power supply 22 is also 
capable of being used to power a heating dement 14 
which is used to beat the air inside a closed metal work- 
piece, such as a boiler or reaction vessd, to heat treat in 20 
a manner similar to the heating of an oven under the 
control of controller 10. As noted above, the heating 
need not be restricted to heat treating operations, it 
being an advantageous use of controller 10 of the pres¬ 
ent invention to provide heat for thawing, increasing 25 
the fluidity, or preventing freezing, of the contents of a 
metal container, or conduit. Other modifications to the 
specific embodiment described herein will be apparent 
to those skilled in the art, and all are intended to fall 
within the spirit and scope of the following claims. 30 

What b claimed b: 

1. An apparatus for controlling the heating of metal 
to a desired temperature comprising: 

means for sensing the temperature of the metal to be 
heated and outputting a signal proportional 35 
thereto; 

a first connector for receiving input power from an 
external power source; 

means operating on the power received from said 
first connector and receiving the signal from said 40 
temperature sensing means for outputting a signal 
responsive to the difference between a desired 
temperature and the temperature sensed by said 
sensing means to turn an applications power supply 
that powers a beating element on and off; 45 

means for limiting the current of the signal from said 
signal outputting means and outputting a current 
limited signal proportional to a desired power level 
of the applications power supply to control the rate 
of heating of the metal by the heating element; and 50 

a second connector for transmitting the signal of said 
current limiting means to the applications power 
supply. 

2. The apparatus of claim 1 wherein said signal out- 
putting means outputs a low power signal from power 55 
received from said first connector and the applications 
power supply produces high power levels for powering 
the heating ele m ent. 

3. The apparatus of claim 1 wherein said signal out¬ 
putting means b programmable to begin operations at a (0 
predetermined time to heat the metal to a desired tem¬ 
perature at a desired rate. 

4. The apparatus of claim 1 additionally comprising 
means for recording the duty cycle of the applications 
power supply or the output signal of said temperature 65 
sensing means. 

5. The apparatus of claim 1 wherein the applications 
power supply b an inverter power supply. 
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6. The apparatus of claim I wherein said temperature 
sensing means is a thermocouple. 

7. The apparatus of claim 1 wherein the heating ele¬ 
ment b a heating pad. 

8. The apparatus of claim 1 additionally comprising 
means for switching between first and second current 
limited output signals at a selected frequency for pulsing 
the applications power supply. 

9. An apparatus for use in stress relieving, or in a 
welding operation requiring pre-heating or post-heating 
of a metallic workpiece, wherein the metallic work- 
piece b heated to a desired temperature and held at or 
near the desired temperature for a desired period of 
time comprising: 

a temperature sensor for outputting a signal propor¬ 
tional to the temperature of a metallic workpiece; 
a first connector for receiving input power from a 
source of low power, 

a comparator operating on the low power received 
from said first connector and receiving the signal 
from said temperature sensor for outputting a sig¬ 
nal responsive to a difference between a desired 
temperature and the temperature of the workpiece 
to turn on a high applications power supptly that 
powers a heating element, thereby increasing the 
temperature of the workpiece; 
means for limiting the current of the signal from said 
comparator and for outputting a signal propor¬ 
tional to a desired power level of the applications 
power supply to control the rate of heating of the 
workpiece by the heating element; and 
a second connector for transmitting the signal of said 
current limiting means to the applications power 
supply. 

10. The apparatus of claim 9 additionally comprising 
programmable means for beginning operations at a pre¬ 
determined time to heat the workpiece at a desired rate 
to a desired temperature for a desired period of time. 

11. The apparatus of claim 9 wherein said comparator 
produces low voltage output signal and the applications 
power supply b capable of producing power having a 
current as high as several thousand amperes. 

12. A method for controlling the heating of a metal to 
a desired temperature comprising the steps of: 

selecting a temperature to which it b desired to heat 
a metallic workpiece; 
sensing the temperature of the workpiece; 
comparing the sensed temperature of the workpiece 
to the desired temperature; 
outputting a signal if the sensed temperature b less 
than the desired temperature; 
limiting the current of the output signal to a level 
proportional to a desired power level of an applica¬ 
tions power supply; and 

transmitting the current limited output signal to the 
applications power supply to switch the applica¬ 
tions power supply on to heat the workpiece. 

13. The method of claim 12 wherein the applications 
power supply powers a heating element. 

14. The method of claim 12 additionally comprising 
beginning the steps of the method at a predetermined 
time with a preselected desired temperature and a prese¬ 
lected desired power level under control of a program¬ 
mable means. 

15. The method of claim 12 additionally comprising 
turning the applications power supply off when the 
sensed temperature of the workpiece b approximately 
equal to the desired temperature. 
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16 The method of claim 12 wherein the applications 
power supply produces high current power and is 
turned on by the current limited, low power signals. 

\1. The method of claim 16 wherein the high current 
power is in the range of thousands of amperes. 

18. The method of claim 12 wherein the temperature 
of the workpiece and the desired temperature are com¬ 
pared either continuously or at regular intervals. 

19. The method of claim 12 wherein different current 


10 

limited output signals are transmitted to the applications 
power supply to pulse the output power produced by 
the applications power supply. 

5 20. The method of claim 19 additionally comprising 

switching back and forth between the different current 
limited output signals at a selected frequency. 

10 
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Detailed Description Text - DETX (9): 

In testing the invention, after the above 
procedures were carried out, the 
inventors measured temperatures at three places 
along the outer surface of the 
bolt 12 (at the longitudinally middle portion 
thereof, at the surface of the 

nut 15 and at the casing flange 11) by attaching 
thermoelectric thermometers 

and by recording via a temperature recorder from 
the beginning of heating to 
the completion of cooling. 
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[57] ABSTRACT 

A high frequency bolt heater is provided which can 
beat np the inside of a narrow hole much faster than a 
conventional bolt beater employing a resistance wire. 
The high frequency bolt heater includes an induction 
heating coil made of a copper tube bent in a hairpin 
fashion and whose shape is made approximately circular 
in section by pinching a magnet between opposed por¬ 
tions thereof. The heater can be inserted into a hole 
bored in the axial direction of a metallic bolt A length 
of the coil is made approximately equal with that of the 
bored hole, and the magnet is omitted from a region of 
the heater which corresponds to a screw portion of the 
bolt for mounting a nnt An adjustable stopper made of 
a heat resistant electrical insulator is provided for set¬ 
ting a necessary length of the induction heating coil to 
be inserted into the hole, and a heat resistant insulator is 
provided on the surface of the induction heating cofl. 

14 Chums, 5 Drawing Sheets 
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HIGH FREQUENCY BOLT HEATER HAVING 
INDUCTION HEATING COIL 


BACKGROUND OF THE INVENTION 5 


1. Held of the Invention 

The present invention relates to a bolt heater used for 
fastening and loosening bolts of a steam turbine casing, 
etc., applicable for a heating system for heating large 
size bolts of other various machines and for heating a 
narrow and long hole from the inside thereof, and us¬ 
able where heating cannot be done from the outside 
such as a heat treatment within a narrow bole, heating 
of a boiler tube, heating of an inner tube of a double tube 
and improvement of stress in a welded section of a 
narrow hole. 
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2. Description of the Related Art 
A bolt heater is used for fastening or loosening a large 
size bolt which is used for a steam turbine casing for 
example and which cannot be fastened by a wrench or 20 


spanner. 

A case when a bolt heater is used for loosening a bolt 
will be explained re fer rin g to FIGS. 5 and 6. FIG. 5 
shows a pair of flang es (C) strongly fastened by a boh 
(a) and nuts (b). When a bolt heater (d) is inserted to a 25 
center hole (f) bored at the center of the bolt (a) in the 
longitudinal direction thereof and the bolt (a) is heated 
by the bolt heater (d), the bolt (a) thermally expands in 
the axial direction by a length (1) as shown in FIG. 6. 
Thereby, the nut (b) can be rotated easily and be loos- 30 
ened. 

In this case, it is only necessary to heat a parallel 
portion (e) of the bolt (aX and it is preferable to avoid 
heating the screw portions of the boh and nut to the 
extent possible. 35 

In fakening the boh, the bolt (a) is similarly heated up 
to thermally expand in the axial direction thereof. When 
the bolt (a) is expanded, the nut (b) is rotated in the 
direction of fastening the bolt (a). Then the bolt (a) is 
cooled down to obtain a predetermined fastening force. 40 
Conventionally, a bolt heater constituted by a resis¬ 
tance wire heating element is inserted into center holes 
of bolts for lateral joint faces or the like of a steam 
turbine casing for use on land or aboard ship, in order to 
fasten or loosen the bolts. 45 

Referring now to FIG. 4, one example of a prior art 
heater constituted by a resistance wire will be ex¬ 
plained. In the figure, resistance wire heating elements 
21 are embedded in a heat resistant insulator 22. A 
jacket 23 is made of a heat resistant metal such as SUS. SO 
A handle 27 is attached to a terminal box 24. Terminals 
25 and 25’ connect the resistance wire heating elements 

21 with a cable 26. The reference numerals 28 and 28' 
indicate cross sections of an object to be heated such as 

a boh. 55 

In FIG. 4, when power is supplied by connecting the 
cable 26 to a power supply which is not shown, the 
resistance wire heating elements 21 generate heat and 
the jacket 23 is heated up through the intermediary of 
the beat resistant insulator 22. 60 

However, because the resistance wire heating de¬ 
ments 21 are embedded in the heat resistance insulator 

22 within a narrow stainless tube in the conventional 
bolt heater shown in FIG. 4, a quantity of heat input is 
limited, and because the heating is carried out indi- 65 
recti y, it is inefficient. Due to that, it takes a long time 

to fasten or loosen the bolts and has been a bottleneck in 
the assembly process for a turbine. Further, because it 
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takes a long time for heating, and the resistance wire 
heating element 21 is exposed in a high temperature 
state for a long time, it is deteriorated appreciably. 

In addition, because the nut portion and flanges of the 
casing are also heated up and thermally expanded due to 
the long heating, an error is brought about in a neces¬ 
sary elongation length of the bolt, thereby complicating 
its management 

Because the temperature does not rise quickly, not 
only are a number of heaters required (also for bolts 
whose length differ), but also there is a danger that an 
operator may touch the hot nuts and casing flanges. 

Accordingly, it is an object of the present invention 
to eliminate the aforementioned problems by providing 
a high frequency boh heater which can heat up the 
inside of a narrow hole much faster than the prior art 
boh heater using the resistance wire heating element 

SUMMARY OF THE INVENTION 

According to the present invention, a high frequency 
boh heater comprising an induction heating coil is in¬ 
serted into a hole bored in the axial direction of a metal¬ 
lic bolt The cofl is made approximately circular in 
section by pinching a magnet between reciprocating 
paths (Le. opposing portions) of a copper tube turned 
bent in a hairpin fashion, and a length of the coil is 
approximately equal with that of the bored hole. The 
magnet is omitted at a region of the coil which, when 
the heater is disposed in the axial bore, corresponds in 
position to a screw portion of the boh for mounting a 
nut. 

The high frequency boh heater of the present inven¬ 
tion is provided with an adjustable stopper made from a 
heat resistant electrical insulator for setting a length of 
the coil to be inserted into the bolt hole. 

Further, the high frequency , bolt heater of the present 
invention uses a flexible member for connecting the 
induction heating coil and a high frequency trans¬ 
former. 

As described above, the magnet provided between 
the reciprocating paths (or opposing portions) of the 
coil bent in a hairpin fashion is omitted at the region of 
the coil which corresponds to the screw portion of the 
nut and bolt Because a distance between the reciprocat¬ 
ing paths of the coil where the magnet is omitted is 
narrow, magnetic flux which penetrates through an 
object to be heated is cancelled out and it is almost 
impossible to heat in this portion. Therefore, a range in 
which the magnet is provided is an effective heating 
zone and the inside of the narrow hole can be heated up 
rapidly and efficiently. The length of the zone can be 
changed by adjusting the length of the magnet pinched 
between the coils, so that this high frequency boh 
heater can be used with bolts of different lengths. 

The above and other related objects and features of 
the present invention will be apparent from a reading of 
the following description of the disclosure found in the 
accompanying drawings and the novelty thereof 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of an embodiment of a high 
frequency bolt heater of the present invention; 

FIGS. 2a and 2b are a front view of the heater and a 
second view thereof respectively; 

FIG. 3 is a side section view showing the present 
invention applied to a steam turbine; 
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FIG. 4 is a section view of a prior art resistance wire 
heater; 

FIG. 5 is a side section view of a boit into which the 
prior art bolt heater is inserted; and 

FIG. 6 is a side section view of the boh shown in 5 
FIG. 5 showing a state when it has thermally expanded. 

DET AILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings wherein like refer- 1° 
ence numerals refer to like parts throughout several 
views, a preferred embo dim ent of the present invention 
will be explained. FIGS. 1 through 3 show the embodi¬ 
ment of the present invention, wherein FIG. 1 is a side 
view of a high frequency bolt heater of the present 15 
invention, FIG. 2a is a front view thereof, FIG. 2b is a 
section view thereof and FIG. 3 shows the present 
invention as applied to a boh for fastening lateral joint 
faces of a steam turbine caring. 

In the high frequency boh heater 10 shown in FIGS. 20 
1 and 2 , a coil 1 made from a copper tube turned around 
in a hairpin fashion is formed into an approximately 
circular cross-sectional shape by removably pinching a 
magnet 2 between opposed portion of the coil 1. A 
length of the cofl 1 is made equal to that of a bole bored 
in a metallic boh 12 into which the bolt heater 10 is 
inserted. A magnet-free section 9 in which the magnet 2 
is omitted is, when the heater 10 is inserted into the boh 
12 , positioned at a region which corresponds to a ^ 
threaded portions of the boh 12 for nse in mounting a 
nut 15. The magnet-free section constitutes a non-heat¬ 
ing section. 

A stopper 3 made of a heat resis t ant electrical insula¬ 
tor is provided on the coil 1 to set a length of the high 3S 
frequency boh heater 10 to be inserted into the metallic 
bolt 12, and the fixed position of the stopper 3 on the 
coil 1 can be changed by loosening a screw thereof The 
surface of the high frequency boh heater 10 is covered 
by a heat resistant insulator 8 . The high frequency bolt 40 
heater 10 is also provided with a handle 4, an inlet port 
5 for supplying water to the coil 1, an exhaust port 6 for 
draining water from the coil 1 and a power feeding 
section 13 for feeding power to the coQ 1- 

Thc high frequency bolt heater 10 will now be ex- 45 
plained in more detail. The coQ 1 is matte of the copper 
tube which is a good electrical conductor and which is 
formed into a semicircular tube (Le. a tube having a 
semicircular cross section) defining a water channel 
therein. The surface of the coil 1 covered by the heat 50 
resistant insulator 8 is insulated, for example, by thermal 
spray coating an alumina insulator thereon or by wind¬ 
ing a glass tape thereabout The outer diameter of the 
coil 1 is made smaller than the diameter of the hole of 
the boh by 1 to 2 mm considering heating efficiency. 55 

In operation, the coil 1 having a construction as ex¬ 
emplified in FIG. 2 is inserted into the center hole of the 
bolt 12 as shown in FIG. 3. The length of the coil 1 to 
be inserted is set beforehand by means of the adjustable 
stopper 3 provided on the coil 1. A region to be heated 60 
may be selected by loosening the screw provided on the 
stopper 3 and fastening it after moving the coil 1 in the 
axial direction. 

A current flows from a power source, which is not 
shown, to the power feeding section 13 and to the coil 65 
1 through the intermediary of a high frequency trans¬ 
former 14. When heat is generated by the heater 10 
from the inner surface of the hole of the boh 12 , the bolt 


12 elongates in a few minutes due to its thermal expan¬ 
sion. 

As shown in FIG. 3, the high frequency bolt heater 
10 is inserted into the narrow hole of the metallic bolt 
12 , which secures lateral joint flanges 11 of a casing, 
until the bolt heater 10 reaches the position determined 
by the stopper 3, and the power feeding section 13 is 
connected to the high frequency t ransf ormer 14. A 
spherical washer 16 is disposed between the nut 15 
screwed on the bolt 12 and the lateral joint flange 11 . 
The reference numeral 17 denotes a dial gauge. A flexi¬ 
ble member such as a flexible cable is used as a member 
18 for connecting the coil 1 and the high frequency 
transformer 14. 

In testing the invention, after the above procedures 
were carried out, the inventors measured temperatures 
at three places along the outer surface of the bolt 12 (at 
the longitudinally middle portion thereof, at the surface 
of the nut 15 and at the casing flange 11) by attaching 
thermoelectric thermometers and by recording via a 
temperature recorder from the beginning of beating to 
the completion of cooling. 

The elongation of the boh 12 was measured by using 
the dial gauge 17 while contacting it with the head of 
the nut 15 and securing it at a position which would not 
be influenced by an elongation of the casing. 

Tables 1, 2 and 3 show the results of the measure¬ 
ments described above. 


TABLE 1 


Bolt 

No. 

Size (din. X 
length) 

Tested Bolts A Nats 

Type 

Necessary 

(mm) 

1 

101 X 1275 

Doahteend ant 4 boh 

1.7 

2 

10* X 1315 

Reamer double-end nut & boh 

1.7 

3 

101 X 925 

Stud boh with bottom 

1.1 


TABLE 2 


Boh 

No. 

Heating 

time 

(sec) 

Measured Result 
Temp, of Temp, of 

bob not 

rc.) cc.) 

Temp, of 
flange 

CC.) 

Length 

(mm) 

1 

540 


204 

normal temp. 

39 

Z73 

2 

450 


258 

normal temp. 

39 

1.74 

3 

360 


180 

normal temp. 

is 

1.76 

TABLE 3 




Electrical Condition 




Boh No. 

Output (kw) 




1 



20 




2 



20 




3 



20 



As described above, according to the present inven¬ 
tion, the magnet provided along the axial direction 
between the reciprocating paths (Le. opposed portions) 
of the coil bent in the hairpin fashion is omitted at the 
portion which corresponds to the screw portion of the 
nut and boh when the heater is inserted in the boh. 
Because a pitch of the reciprocating paths (Le. distance 
between the opposed portions) of the cofl where the 
magnet is omitted is narrow, magnetic flux which pene¬ 
trates through an object to be heated is cancelled ont 
and it is almost impossible to heat in this portion. There¬ 
fore, the range in which the magnet is provided is an 
effective heating zone. The length of the zone can be 
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changed by adjusting the length of the magnet pinched 
between the ccnls, so that this hi gh frequency bolt 
heater can be applied to bolts of different lengths. Ac¬ 
cordingly, the present invention is effective to beat up 
the inside of a narrow hole rapidly and efficiently by s 
causing a current to flow through the high frequency 
bolt heater. Thereby, with the present invention bolts 
can be heated about 10 times faster than with the prior 
art bolt heater employing the resistance wire, so that the 
time and labor required for assembling a steam turbine 10 
or the like may be considerably reduced. 

Further, because the screw portion for mounting the 
nut and the flange portion of the caring are not directly 
heated up, the elongation of the bolt may be accurately 
measured. Also, because the flexible member is used far IS 
the connection bet w een the induction heating coil and 
the high frequency transformer in the present invention, 
the connection and operation of both can be readily 
implemented. The heating can be suppressed and the 
problem of deterioration of the heater due to the repeti- 20 
tive hearing may be eliminated by providing the water 
channel in the coil. 

While the described embodiment represents the pre¬ 
ferred form of the present invention, it is to be under¬ 
stood that modifications will occur to those skilled in 23 
that art without departing from the spirit of the inven¬ 
tion. The scope of the invention is therefore to be deter¬ 
mined solely by the appended claims. 

What is claimed is: 

1. A high-frequency bolt beater for use in heating a 30 
bolt having an axial hole, said heater comprising: 

an elongated induction coil comprising a conductive 
tube formed in a substantially U-shape having a 
pair of substantially parallel leg portions, each of 
said leg portions having a substantially semicircular 35 
cross-sectional shape; 

an elongated magnet sandwiched between said leg 
portions of said induction coil along a first portion 
thereof, said leg portions of said induction ccril 
being devoid of a magnet therebetween along a 40 
second portion of said induction coil, said first 
portion const itutin g a heating portion and said 
second portion constituting a non-heating portion; 
wherein, along said heating portion, said leg portions 
together with said magnet sandwiched therebe- 45 
tween have a substantially circular cross-sectional 
shape. 

2. A heater as recited in claim 1, wherein 
said conductive tube comprises a copper tube. 

3. A b ea te r as recited in claim 1, further comprising 50 
an adjustable stopper, formed of a heat resistant elec¬ 
trically insulating material and adjustably mounted 

to said conductive tube, for regulating a length by 
which said induction coil is inserted into the axial 
hole of the bolt 55 

4. A heater as recited in claim 1, farther comprising 
an adjustable stopper, formed of a heat resistant elec¬ 
trically insulating materi al and adjustably mounted 
to said conductive tube, for regulating a length by 
which said induction coil is inserted into the axial 60 
hole of the bolt, and for causing said non-beating 
portion to be positioned at a predetermined loca¬ 
tion in the axial hole which is to not be heated. 

5. A heater as recited in claim 1 wherein 

said leg portions of said conductive tube have in- 65 
wardly facing exterior surfaces facing toward one 
another, and outwardly facing exterior surfaces 
facing away from one another; and 
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a heat resistant insulator is provided over said out¬ 
wardly facing exterior surfaces. 

6. A heater as recited in claim 1, wherein 

said leg portions of said conductive tube have in¬ 
wardly facing exterior surfaces facing toward one 
another, and outwardly feeing exterior surfaces 
feeing away from one another; and 
said outwardly feeing exterior surfaces of said leg 
portions constitute, in cross section, a majority of 
an outer periphery of said substantially circu lar 
cross-sectional shape. 

7. A beater as recited in claim 1, further comprising 
a high frequency transformer operably connected to 

said induction heating coil; and 
a flexible member connecting said induction heating 
coil to said high frequency transformer. 

8. A high-frequency bolt heater for use in heating a 
boh having a predetermined length, an axial hole, and a 
threaded portion for engaging a nut, said heater com¬ 
prising: 

an elongated induction coil for insertion into the axial 
hole of the boh and comprising a conductive tube 
formed in a substantially U-shape having a pair of 
substantially parallel leg portions, each of said leg 
portions having a substantially semicircular cross- 
sectional shape and being of a length approxi¬ 
mately equal to a length of the axial hole; 
an elongated magnet sandwiched between said leg 
portions of said induction coil along a first portion 
thereof, said leg portions of said induction coil 
being devoid of a magnet therebetween along a 
second portion of said in du c tio n coil, said first 
portion constituting a heating portion and said 
second portion constituting a non-heating portion 
which, when said induction coil is inserted in the 
axial hole, corresponds in position along said in¬ 
duction coil to a position of the threaded portion of 
the bolt; 

wherein, along said heating portion, said leg portions 
together with said magnet sandwiched therebe¬ 
tween have a substantially circular cross-sectional 
shape. 

9. A heater as recited in claim 8, wherein said conduc¬ 
tive tube comprises a copper tube. 

10. A heater as recited in claim 8, further comprising 
an adjustable stopper, formed of a heat resistant elec¬ 
trically ingnlating material »nH adjustably mounted 
to said conductive tube, for regulating a length by 
which said induction coil is inserted into the axial 
hole of the holt 

11. A heater as recited in claim 8, further comprising 
an adjustable stopper, formed of a heat resistant elec¬ 
trically insulating material and adjustably mounted 
to said conductive tube, for regulating a length by 
which said induction coil is inserted into the axial 
hole of the bolt, and for causing said non-heating 
portion to be positioned at the threaded portion of 
the bolt 

12. A heater as recited in claim 8, wherein 

said leg portions of said conductive tube have in¬ 
wardly feeing exterior surfaces feeing toward one 
another, and outwardly facing exterior surfaces 
facing away from one another; and 
a heat resistant insulator is provided over said out¬ 
wardly facing exterior surfaces. 

13. A heater as recited in claim 8, wherein 

said leg portions of said conductive tube have in¬ 
wardly facing exterior surfaces feeing toward one 
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another, and outwardly facing exterior surfaces 
facing away from one another; and 
said outwardly facing exterior surfaces of said leg 
portions constitute, in cross section, a majority of 
an outer periphery of said substantially circular 3 
cross-sectional shape. 


10 
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14. A heater as recited in claim 8, further comprising 
a high frequency transformer operably connected to 
said induction heating coil; and 
a flexible member connecting said induction heating 
coil to said high frequency transformer. 

• • * a • 


65 
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While the thermocouple overcomes many of the 
disadvantages of other prior 

art devices, it has not proved to be completely 
successful due at least 

partially to bulkiness and a requirement for 
associated usage of unwieldly 

equipment, particularly where long oven usage was 
contemplated. More 

specifically, if the thermocouple is to travel with 
the ware riding on a belt 

through the annealing oven, wire conductors have 
heretofore been necessary in 

order to conduct the electrical signal from the 
thermocouple to a temperature 

meter or recorder outside the oven for prompt 
indication. Besides being 

cumbersome, the added effective resistance of the 
wires subjected to varying 

oven temperatures tended to introduce errors which 
often made the obtained 

readings so inaccurate as to be unreliable. 
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A thermocouple 24 is attached to the surface of- 
a jar 16 by any conventional 
means such as by a tape or by a suitable 
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temperature-resistant bonding 

adhesive. The temperature of the particular jar 16 
is sensed by the 

thermocouple 24 and the corresponding signal 
conducted through wires 25 to the 
transmitting unit 14. The temperature signal is 
thereupon processed as more 

fully hereinafter described with reference to FIG. 

6 and a corresponding 

radiant energy signal is transmitted out of the 
oven 10 to a receiver 26, 

preferably located outside the oven, the output 
signal from which receiver may 

be immediately indicated by a temperature meter 
(not shown) and/or permanently 
recorded on a time-temperature recorder 28. 
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PORTABLE REMOTE LOCATION MEASURING SYSTEM 
BACKGROUND OF THE INVENTION 

I. Field of the Invention . .1 

Thbinvention relates to a remotely located condition mea¬ 
suring system anid particularly to a portable system for use in 
an oven to generate temperature indicative signals and to 
transmit these signals. 

. 2. Description of the Prior Ait • . 

It is often necessary to determine the existence and mag¬ 
nitude of a conditicm at a remote location. This is particularly 
true, for example, in the maintenance of temperature condi¬ 
tions in glass production wherein glassware, such as con¬ 
tainers, tubing, or glass sheets and the like, h formed at rela¬ 
tively high temperatures and is thereafter annealed or heat- 
treated down to room temperatures.: 

It is well recognized that the range of temperatures for op- 
timum annealing of glassware is relatively small and, as an¬ 
nealing time is decreased in the interest of manufacturing effi¬ 
ciency without sacrificing favorable physical and chemical 
properties of the glass product,: temperature regulation 
becomes even more critical. Often, the temperature of glass¬ 
ware within the oven, known as a lehr, must be controlled 
within a tolerance of plus nr minim 50“ F. in order to achieve 
optimum annealing; hence, h is important that the glassware 
temperature be closely monitored as the ware travels through 
the annealing lehr or overt In this manner, better regulation of 
the temperature in the oven can be achieved which results, of 
course, in better regulation of glassware temperatures. 

While apparatus fortemperature measurement within an 
' oven or furnace, including optical or radiation pyrometers, 
electronic pyrometers andthermocouples, have heretofore 
been known and/or utilized, none of these devices have 
proved to be completely s uccessful. A major problem with the 
optical pyrometer, which' measures the intensity of radiation 
by an incandescent body, is that the hot gases contained in the 
medium about the body interfere with tire readings. As b well 
known, temperature responsive electronic devices, such as 
thermistors, are not practical at the high temperatures en¬ 
countered in the first stages of a glass-annealing process. 

While the thermocouple overcomes many of the disad¬ 
vantages of other prior art devices,' it has not proved to be 
completely successful due at least partially to bulkiness and a 
requirement for associated usage of unwieidly equipment, par¬ 
ticularly where long oven usage , was contemplated. More 
specifically, if the thermocouple b to travel with the ware ti<W 
big on a belt through the annealing oven,, wire conductors 
have heretofore been necessary in order to conduct the ele<>. 
trical signal from the thermocouple to a temperature meter or 
recorder outside the oven for prompt indication. Beside being 
cumbersome, the added effective resistance of the wires sub¬ 
jected to varying oven temperatures tended to introduce er¬ 
rors which often made the obtained readings so inaccurate as 
to be unreliable. p 

The present invention b an improvement over such tem¬ 
perature measurement systems of the prior art; yet, the invent 
,tion permits the use of a relatively inexpensive sensor such as a 
calibrated thermocouple for the measurement The apparatus 
includes a portable transmitting unit which b impervious to 
contemplated adverse conditions to be encountered; also, the 
unit b small enough to travel through an annealing oven with 
the ware and requires no associated cumbersome equipment 
or connecting wires to generated condition indicating signal 
and conduct the same outside the Qven for utilization. 

The portable unit includes a transmitter responsive to the 
magnitude of the signal from a transducer, such as a ther¬ 
mocouple utilized in the measurement-of temperature, to 
. radiate signab suitable for immediate conversion outside'of 
the oven to a temperature indicator that accurately reflects 
the .temperature sensed within the oven. The unit further in¬ 
cludes, in order to protect the electrical components of the 
transmitter,.an insulating container.adapted to receive the 
transmitter for protecting it against high temperatures en¬ 
countered within the oven. ; . 


SUMMARY OF THE INVENTION 

The invention enables accurate and remote monitoring of a 
condition. It b particulariy useful for measurement of extreme 
5 temperature conditions such as may be encountered in a glass- 
- annealing oven. Farther, the invention enables accurate tem¬ 
perature measurement in changing environments which are 
displaced one from the other arid from the monitoring loca- 
■tion. ' ' ■ : . I 

10 Thus, it b an object of the present invention to, provide a 
novel portable sensing system for the indication of a condition 
existing at a remote location from the condition monitoring lo- 
■ato. ■' 

It b another object of the invention to provide a wireless 
IS sensing system for the measurement of a condition and the in¬ 
dication of the condition ata remote location. 

It b a further object of the invention to provide a portable 
measuring apparatus which may be operated in a high tem¬ 
perature eavirotnnent such as occasioned within ah oven or 
20 furnace. . 

A further objectof the invention b to provide a transmitting 
unit operative within a high temperature environment to 
produce and transmit signab indicative of a condition such as 
temperature within the environment. 

25. A further object of the present invention b to provide, a 
portalde temperature sensiag system having a calibrated ther¬ 
mocouple transducer responsive to temperature, and a tem- 
■ perature co m pens a tion network to automatically produce a 
signal to compensate for the change in the reference junction 
temperature of the thermocouple from the reference junction 
calibration temperature thereof. . 

Another object of the invention b to provide an insubting 
container for bousing and protecting a transmitter from ex¬ 
treme environmental conditions outside the container. 

It b a further object of the invention to provide a portable 
temperature sensing system having the contained transmitter 
sensing system having the contained transmitter responsive to 
a transducer signal, and an adjustable temperature compensa- 
tion network to provide a signal to compensate for parameter 
changes of the transmitter due fo temperature changes thereof 
from a predetermined reference temperature. 

These and otter objects and advantages will be apparmit to 
those skilled in the art .from the following description of a 
45 preferred embodiment ofthe invention as shown in the ac-: 
companymg drawings.V 

BRIEF DESCRIPTION OF THE DRAWINGS ...... ' 

FIG. 1 b a perspective view of the measuring apparatus of. 
50 foe invention shown in conjunction with an annealing lehr to . 
sense temperatures within said lehr, 

FIG. 2 b a perspective view of foe portable measuring ap- 
." paratus shown in HG. 1; 

HO. 3 man exptaded perspective view of-foe transmitting 
55, mfo with a portion cutaway for dhistrative purposes; 

FIG. 4.b a side Motional view of the container taken along 
the lines 4—4 of FIG. 2; . 

FIG. 5 b a view similar to FIG. 4 but taken along foe lines 
5—5 of FIG. 2; 

ou FIG. 6 b a schematic circuit diagram of foe transmitter 
shown in FIG. 3; and 

FIGS: 7 a and 7b are a circuit sipd graph, respectively, to il¬ 
lustrate the mariner of calibration of foe thermocouple: 


30 


35 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 


. Referring to FIG. 1, a preferred embodiment of.foe mea¬ 
surement apparatus 8 of foe system for use in a higb-teinpera- 
tune environment b shown positioned to travel through an 
70 oven or ftimace-lO on a conveyor belt 12 in the direction as 
- indicated by the arrow. Measuring apparatus 8 includes a 
: ... transmitting unit 14 (as shown in FIG. 3) positioned within an 
insulating container 15 of a material such'as steel, for exairi- 
... pb, and b provided to generate a signal indicative ofterapera- 
75 tore, such as the temperature of one of thegi ass jars 161 Mea-. 
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swing apparatus 8 and jan 16 are positioned on the conveyor not critical so long as tube 54 communicates with cup 34 . 

belt 12 so as to permit travel through the oven at a fixed Removal of the cover 22 from can 20 b facilitated by bars, or 


distance one from the other. Measurement apparatus 8 in¬ 
cludes, as shown best in FIGS. 2 and 3, the insulating con¬ 
tainer 15 having a base member shown in the drawings as a 5 
metal cylindrical can 20 and a metal cover member 22 also 
cylindrical in shape and adapted to tightly fit onto the can 20 . 

A thermocouple 24 b attached to the Burface of a jar 16 by 
any conventional means such as by a tape or by a suitable tem¬ 
perature-resistant bonding adhesive. The temperature of the 
particular jar 16 b sensed by the thermocouple 24 and the cor¬ 
responding signal conducted through wires 25to the trans¬ 
mitting unit 14. The temperature signal b thereupon 
processed as more fully hereinafter described with reference •, 
to FIG. 6 and a corresponding radiant energy signal b trans¬ 
mitted out of the oven 10 to a receiver 26, preferably located 
outside the oven, the output signal from which receiver may 
be immediately indicated by a temperature meter (not shown) 
and/or permanently recorded on a time-temperature recorder m 
28. ' 
Although a thermocouple for producing a signal cor¬ 
responding to temperature b shown, it should be readily ap¬ 
parent that other transducers might be substituted to detect 
other conditions; for example, a stain gage to detect thermal 25 
expansion or contraction of an article such as one of the jars 
- 16. In addition, it b to be appreciated that the transmitted 
signal could be an environmental signal within the oven in 
which case the transducer may be detached from any article 
traveling through an oven 10 . 30 

Referring particularly to FIG. 3, there b shown a disassem¬ 
bled cutaway portion of the measurement appara tu s 8 . THe 
can 20 b partially filled with an insulating powder 30 up to a 
refractory ring-shaped plate 32 and about a cylindrical cup 34 
concentrically positioned within can 26 and held in place by 35 
the plate 32 and generally by the powder 30. Transmitter 14 b 
received and confined within a cavity 36 defined by the cup 
34. The electrical elements of the transmitter are received in a 
casing, or can, 35 and are mounted on a rectangular circuit 
block 37 attached at one end to a base 38. In an embodiment 40 
constructed in accordance with the invention, can 35 and base 
38 were also made of steel. Base 38 b essentially disc-shaped 
with a central portion closing the interior of the can 35 and 
having a shoulder 39 terminating in peripheral flange 40. 
Shoulder 39 extends downwardly from flange 40 and has an 45 
O-ring 41 mounted thereon to seal the can 35. Flange 40, 
which has a plurality of boles 41 when transmitter 14 b 
received within the cavity 36 so as to longitudinally position 
the transmitter within the cup 34. „ 

The cylindrical casing, or can, 35 has a diameter smaller 
than the inner diameter of the cup 34 so as to define a space 
between respective walls thereof when the transmitter 14 b 
positioned within cavity 36, which space opens to holes 43 in 
flange 40. The central portion of base 38 has three openings $5 
therein to receive insulated terminals 44 and 46, and a ground 
terminal 48, which terminals are connected with the electrical . 
components within the casing 35 as more fully hereinafter 
described with reference to FIG. 6 . 

Referring to FIGS. 3,4, and 5, the cover member 22 has an 
outer cylindrical wall 49 slightly larger in diameter than can 
20 so that the lower portion of wall 49 receives the upper por¬ 
tion of the can 20 therebetween. Cover member 22 b also 
filled with the insulating powder 30 but is contained by a 
refractory ring-shaped plate 50 positioned inwardly from the 55 
lower end and having a shoulder 52 at the inner wall of the 
cover member. Cover member 22 b provided with a jongitu- 
dinally extending tube 54 opening at one end to a laterally ex- - 
tending chimney hood 56 suitably welded to the top of the - 
cover member 22, and opening at the other end through plate 70 
. 50 to the interior ofcan 20. A nut 58b threadaMy engaged on 
the end of tube 54 adjacent to plate 50 to support the plate. As 
shown in FIG. 5, the passageway formed by the tube 54 ex¬ 
tending through the cover 22 b offset from center, neverthe¬ 
less, it should be apparent that exact positioning of the tube b 75 


handles, 57 and 59 attached to the cover and can, respective¬ 
ly. 

A ring 60 of a size sufficient to substantially bridge the area 
between the sidewall of can 20 and. cup 34 b bonded to the 
plate 50 in order to fa cilitat e positioning of cover 22. Thus, 
when the cover b in position on can 20 , a cavity 62 b formed 
providing a passageway between tube 54 and the boles 43 in 
flange 40 and the passageway through tube 54. Since the 
cylindrical casing 35 of transmitter 14 has a diameter smaller 
than the diameter of the cup 34. a liquid may be contained 
within the Clip 34 about and under the casing 35. Therefore, a 
liquid heated to its boiling point in the oven or fUrnace en¬ 
vironment may escape in vapor form through boles 43 into the 
cavity 62 and through the passageway formed by tube 54 and 
out to the oven or furnace. The vapor or steam may.alsocircu- 
late in the cavity 62 between the ring 60 and plate 32. 

The provision for the containment of a liquid, such as water, 
about the casing 35 insures that when heat b conducted 
through the thick layer of insulating powder 30 the casing 35 
will reach at a maximum temperature only the boding point 
temperature of the liquid contained. Of course, after the liquid 
b depleted, the casing 35 could reach a higher temperature 
and, hence, if the transmitter utilized cannot tolerate elevated 
temperature, then a sufficient supply of liquid must be assured 
for the operation time contemplated. If the transmitter can 
withstand elevated temperatures, then, of course, it b not 
mandatory that a liquid be used, although it might prove ad¬ 
vantageous for more uniform results even in tins latter case. 

It b obvious that tbc general dimenshxis of the measure¬ 
ment apparatus 8 , and more specifically the thickness of the 
layer of powder 30, and width of cup 34 may be varied de¬ 
pending on contemplated usage to maintain suitable trans¬ 
mitter temperature. The embodiment shown was built and 
tested for use at temperatures exceeding 1,000° F. for at least 
15 minutes, and found to be satisfactory for use in conjunction 
with a glass annealing process. 

The wires 25 of the thermocouples 24 attached to one of tbc 
glass: jars. 16 may be inserted through chimney hood 56, 
through tube 54, and connected to the insulated input ter¬ 
minal 44 and ground terminal 48 of the transmitter. Further, 
an antenna 64 from the transmitter 14 may be connected to 
the terminal 46 and also extend in the assembled position of 
the measurement apparatus 8 through the tube 54 and out of 
the cover member 22. Since the wave propagation distance 
out of the annealing oven 10 from the apparatus 8 b generally 
relatively short, suitable transmission may be effected, for ex¬ 
ample, by positioning a simple wire antenna outside the cover 
member 22 . . s 

Referring to FIG. 6 , transmitter 14 receives a direct current 
input signal from thermocouple. 24 through wires 25 which 
signal b indicative of the magnitude of the temperature at the 
surface of the particular glass jar !6 to which the thermocou¬ 
ple is secured. The thermocouple 24 b of a conventional type, 
such as iron-constantan, suitable for use over wide tempera¬ 
ture ranges. 

The thermocouple 24 b attached to the surface of the glass¬ 
ware, orjar, 16 atameasuringjunctionl02. Conductor 25a of 
one type metal, such as iron, b connected to a reference, or 
cold, junction 104a; and conductor 256 of another type metal, 
such as constantan, b connected to a reference, br’cold, junc¬ 
tion 1046. The junctions 104a and 1046 may represent the, 
connections of thermocouple 24 to transmitter 14 at the input 
and ground terminals 44 and 48, respectively, and which con¬ 
nections are made within can 20';with conductors 105a and 
1056. Preferably, the metal conductors 105 of the circuit aijt 
copper. Therefore, a thermoelectric effect m?y also be 
developed across each junction 104 although the junctions are": 
at substantially the same temperature. 

The thermocouple having effectively three junctions may be 
calibrated in conventional maimer as more particularly illus¬ 
trated with reference to FIG. 7. FIG. 7o illustrates that the' - 
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thermocouple 24 may be calibrated with the reference junc¬ 
tions 104 at a constant temperature (T,), which is normally 
32 s F„ the melting point of ice, to produce a voltage (V) mea¬ 
sured by a meter 107 as a function of the temperature (T) of 
the measuring junction 102. A curve illustrating this relation 5 
may be drawn and is shown in FIG. 7b. ft is weQ known that if 
the reference junctions of a three-junction thermocouple are 


maintained equal to each otter but above the temperature at 
which the reference junctions are maintained during calibra¬ 
tion (the new temperature being in dic ate d by T,). the in¬ 
dicated reading upon measurement is reduced and must be 
corrected. The correction b simply the voltage produced 
when the reference junctions are at temperature T„ and the 
measuring junction at temperature T,. The thermocouple rela¬ 
tion may be expressed as follows: 


10 


13 


*T.-*T=*T,-> T, + *Tt-* T (1) 


122 is in position B. Potentiometer 124 may be adjusted ac¬ 
cording to the different ranges of operation of thermocouple 
24. The voltage drop across sen si stor 106 thereafter is a func¬ 
tion of te m per at ure corresponding to the compensation volt¬ 
age. 

The voltage-dividing network 110 may be utilized also to 
compensate far the approximated change in the thermocouple 
signal as processed due to minor changes or circuit parameters 
incurred with increased temperature of the transmitter 14. 
More specifically, the resistance of potentiometer 118 may be 
varied to change the current from battery 112 through one leg 
having re sisto rs 116,118, arid 120 , with respect to the other 
leg in parallel with the one leg, and including sensistor 106 and 
resistor 114. Further, when switch 122 is in position B, the 
potentiometer 124 is in parallel with potentiometer 118 and 
resistor 120. The relative resistance of the current paths from 
battery 112 may thus be adjusted so as to further regulate the 


• ‘ current through and, therefore, the initial voltage drop across 
where as already explained, T. is the reference junction ■ n ^ sXot 116 ^ „*,*** to ^ current through and the volt- 
calibration temperature. T, is a new reference junction drop across sensistor 106. 

temperature, and T is the measuring junction temperature. ^ thermocouple rigm. 1 , as particularly hi 

In the present invention there is accordingly provided a sen- accordance with the reference junction temperature during 
sistor 106 of conventional type and having a predetermined use from the reference junction calibration temperature, is 
resistance change characteristic as a function of temperature 25 conducted through resistor 119 to an inverting input of a 
to compensate for temperature variations of the reference direct current operational amplifier 120 of conventional type, 
junction 104 from the calibration temperature. Sensistor 106 «,w4, m “y, 7iw Mowcfltlnc O peration^ AmpBBer ” p—^ 

is connected in a voltage dividing compensation network 110 tletriar ly f~- °™pinw(ii« 

so as to compensate the input signal by a voltage which varies gold by Fairchild Scmknodudur (a Dfrisioo of FabcfaDd 
with temperature approximately the same as the voltage vari- 30 Camera). 313 Fairchild Drive, Mountain View, California, 
ance across junction 102 as a furattion of temperature dif- The output amplifier 120, conducted through a Zener 
ferencc from the reference junction temperature, fat this diode 122 which e s tabli sh es a reference voltage level, controb 
manner, a corrected emf is produced which includes jr T f 7i • the c urren t thm ngh a PNP-type resistor 124. A unij unction 
to automatically compensate for tte signal change due to the t mnrfwnr 126 pnvtn™-* an oscillatin g si gnal =» a fre quenc y 
actual reference junction temperature being different from 35 determined by tte charging current to a capacitor 128. The 
the reference junction temperature at which the thermocoo- output of unijunction transistor 126 is an audio «jgn=»i of 

pie 24 is calibrated. As an example; if the reference junctions frequency proportional to the voltage at the collector of 

104 were at the boiling point of water and the measuring junc- transistor 124. The current in resistor 158 is accurately pro- 
tion 102 was at a higher temperature, the compensation volt- portional to the frequency and is fed back to the noninverting 
age to be added to a thermocouple previously calibrated with 40 input of amplifier 120 to form a highly stable vohage-to- 
the reference junction at 32* F. and to be produced by sen- frequency converter. A second unijunction transistor 130 is 

sistor 106 would be the voltage produced by the thermocouple provided in aider to compensate for direct current drifts of 

when the reference junctions 104 are at 32* F. and the mea- the uni j unction t ransistor 126 

suringjunction 102 is at the boding point of water. The audiofrequency signal, in the form of a puke of short 

If water is used as the liquid in tube 34 about the tra nsmi tte r 45 duration, is coupled through a direct current blocking capad- 
14, the temperature of the reference junctions IMu and 104b tor 132 to a puke shaper which may be of moaostablc mul- 
al tenninab 44 and 48, respectively, will often be at substan- tivibrator type which includes NPN-transistor 134 and PNP- 
tially the boiling point of the water after sustained travel of transistor 136. The output from the Duke shaper is a series of 
unit 14 through the high temperature oven 10 whereupon the ‘'stretched” pukes in phase and frequency with the audio 
steam fills cavity 62 adjac ent the terminals 44 and 48, and 50 from unijunction transistor 126. An oscillator, which in- 
which Steam escapes through tube 54. r hwtw t mtmdn r ITT p mAi f^n nutWiw nipn iy rqrrwr gignill 

The uncompensated thermocouple signal from measuring «, ampifo.Hr, mod ulate d >7 the pubes at the si gnal 

junction 102 b conducted between junctions 104a and 1045 at freq uency The path oscillator includes an to- 

the input terminal 44 and ground tei u rin al 48, respectively, to ductor of a parallel circuit 138 which is tapped and coli¬ 

the compensation network 110. The network 110 connected p^twi to the base of transistor 137 b magnetically 
to terminal 44 includes the s e n si s tor 106 connected to the coupled to an inductor 140 conneised between the base of 
positive electrode of a battery 112, and a resistor 114 con- transistor 137 and ground. Upon conduc tion of transistor 137, 
nected to the negative electrode of battery 112. A resistor 116 the current induced in inductor 140 in one direction drives the 
is connected between sensistor 106 and battery 112 to • ^ base more negative and below cutoff rendering toe transistor 
potentiometer 118 serially connected to a resistor 120 leading 137 nonconductive. The breakdown of the field about the in- 
also to the negative electrode of battery 112. A switch 122 is ductor in tank 138 induces a current in the opposite direction 
further connected to tlx negative electrode of battery 112 and in inductor 140 thereby immediately rendering the base of • 
is open at position A as shown or may be closed in position B transistor 137 positive beyond cutoff. The cycle repeats and 
with the wiper arm of a potentiometer 124, tte opposite end ^ transistor 137 sustains oscillation, arid as m o du l ate d by the 
of which potentiometer b connected between the resistors audio signal from transistor 136 the carrier signal is radiated 
116 and 118 and to a resistor 119. from the antenna 64 magnetically coupled to the inductor of 

The sensistor 104 and resistor 116 have a su bs t anti ally low the tank circuit 138. 
resistance in comparison to the other resistors of the compen- With good conduction in a lehr oven which typically may 

ration network and may be considered as the only path of net- 70 measure about 7 feet wide, the oven will act as a waveguide 
work 110 conductive of the signal from thermocouple 24. It b and cut off spurious signals with a half wavelength longer than 
readily apparent that the direct current voltage drop across . the width of the oven. The cutoff signals would be at a 
sensistor 106 at a given temperature and across resistor 116 frequency of approximately 70 ml/s. mid less in the typical 
may be initially set by the adjustment of the r esistanc e values lehr oven mentioned. However, operation with carrier signah 
of potentiometer 118 and/or potentiometer 124 when switch 73 having a greater half wavelength than the width of the oven 



3,637,985 


7 

may often be desirable. It has been found suitable in this in¬ 
stance to feed a pickup wire (not shown) through the oven 10 . 

and to anchor this wire to the sides of the oven. 

The power or supply voltage source for the transmitting unit 
.14 is supplied from batteries 146 and 148 which are also 3 
mounted on the circuit board block 37 contained within the 
cylindrical casing 35 and are of a type such as those known as 
“mercury batteries” which have been found suitable for 

operation at temperatures in the area of boiling point of water. 

Further, silicon-type semiconductors were utilized in the 
transmitter for operation at such temperatures. 

For purposes of example, the following lists the identifying 
types and/or pa r a m ete r s of dements, in addition to those al¬ 
ready mentioned, utilized in a particular tested embodiment of 
the transmitter 14: 15 


Resfaton 

.Parameter 

Capacitor* 

Parameter 


(ohsas) 


(brads) 

106 (aeoskor) 

100 

128 

io-» 

114 

20 JK 

133 

5(10—) 

116 

too 

163 

IO“* 

lit (poccat.) 

5K 

164 

io- f 

119 

576 

165 

10-7 

120 

20 K 

166 

io-» 

124 (potest.) 

17.2 K 

167 

I©-* 

ISO 

649 

' 168 

IO-» 

151 

120 

169 

io-» 

153 

2.57 K 

178 

S<I0—) 

153 

UK 

171 

10-“ 

154 

4.25 K 



155 

4.75 K 

Diodes 

Type 

156 

100 


157 

649 

122 

1N7S5 

158 

too 

ITS. 

FA8004 

159 . 

240 

178 

IN3605 

160 

7JK 



161 

15 JK 

TnswiTnii 


163 

61.9 

124 

2N3638 



126 

2N2647 



138. 

2N2647 



134 

2N356S 



136 

2N363I 



137 , 

2N364I 


Although only one embodiment of the invention has been il¬ 
lustrated and described, it is anticipated that various changes 4 $ 
and modifications will be apparent to those skilled in the art, 
and that such may be made without departing from the scope 
of the invention as defined by the following claims. 

I claim: 

1. A system for mo n it o ri ng a c on d ition within an oven, the 
condition existing within the oven at a location remote from 
the monitoring location, the system comprising: 

a transducer for producing a signal indicative of the condi¬ 
tion sensed within an oven; 

means for transmitting an electromagnetic energy signal 53 
corresponding to the transducer signal; 
an insulated container for receiving »»i<t tr ansmi tting 
. means, said insulated container including liquid means 
and vapor escape means for p revent in g the t e mpe r ature 
within said container from rising beyond a pred etermin ed 60 
temperature while in an oven; 
means for receiving the transmitted signal; and 
means for converting the received agnah to hvKcntn the 
condition sensed within the oven by said transducer. 

2. The system as defined in daim 1 wherein: 65 

said container baa a cavity larger than said tran smi t ti ng 

means and into which said cavity said transmitting means 
is received; 

wherein said liquid means for preve ntin g the temperature 
within said cavity from rising beyond a predetermined 70 
temperature is contained in the cavity about said trans¬ 
mitting means, and wherein said vapor escape means in¬ 
cludes a passageway in said container and opening exter¬ 
nally of said container from said cavity so that the liquid 
upon vaporization being abie to escape through the 7 ' 


8 

passageway no ax to maintain the tmmwltate womYmftwnt 
of said tra n s mit t in g means at su b sta nti ally the liquid tem- 
perature. 

3. The system as defined in claim 1 wherein the transducer 
includes: 

a calibrated thermocouple having a measuring junction and 
at least one reference junction; and 
wherein the transmitting means indudes: 
an oscillator for producing a carrier signal ; 
c om p ens ating means including a sensistor for providing a 
signal to offset any error in the signal from the ther¬ 
mocouple due to temperature difference of the reference 
junction from a predetermined calibration temperature; 
converting means for producing a pulse signal train having a 
frequency indicative of the amplitude of the compensated 
thermocouple signal; 
an antenna coupled to said oscillator, and 
means for ins u l at in g said converting means, said compen¬ 
sating means, said osc i lla t or, and the reference junction 
of said thermocouple; 

whereby the carrier signal may be modulated by the pulse 
signal train from said converting means and radiated by 
said a nt e nn a from within the oven to said rece i ving 
means. 

4. A system for measuring a condition in an oven, the 
system comprising: a transducer for producing a signal indica¬ 
tive of the condition; an electronic unit for receiving the signal 
from said t ransdu c e r; and an insulating container for the elec¬ 
tronic unit including, 

a base member, . 

thermal insulating means within said base member and 
defining a cavity which receives said electronic unit, said 
thermal-insulating means defining said cavity receiving 
liquid to surround said electronic unit received in niJ 
cavity, said container having vapor escape means so as to 
maintain the i mmedia te electronic unit environment sub¬ 
stantially at the liquid temperature; and 
a cover member removably mated with said base member, 
other thermal-insulating means within said cover member, 
one of said thermal-insulating means defining a passageway 
extending from the cavity through the wall of the respec¬ 
tive member, 

whereby the transducer may be connected to the electronic 
unit through the passageway. 

5. A system for monitoring the temperature of an article of 
manufa cture traveling through a furnace, the system compris¬ 
ing: 

a tra n sduc er within the furnace to travel with tiie article for 
. producing a signal corresponding to the te mp e r a tu re of 
the article at successive locations in the ftirnace; 
a transmitter for transmitting an electromagnetic energy 
signal corresponding to the transducer signal; 
a portable ins ula t ed container to travel with the article, said 
container receiving and protecting said transmitter from 
advene temperature conditions existing within the fur¬ 
nace; 

said i nsu l a te d container containing liquid about the trans¬ 
mitter and having a passageway extending from within 
and through said container, 

whereby the liquid upon vaporization may escape from said 
container through the passageway so as to maintain the 
transmitter temperature at substantially the liquid tem¬ 
perature; 

means for receiving the transmitted signals; 
whereby the received signals are indicative of the tempera- 
i tore sensed by the transducer at successive locations 
within the ftirnace. 

6 . A system for monitoring an environmental condition at 
successive locations within an oven, the successive locations 
being remote from the monitoring location, the system com¬ 
prising: 

a transducer for producing a signal corresponding to the 
condition; 
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a transmitter for transmitting an r W ct ro niagn rt fc energy 
signal corresponding to the transducer signal; 
a portable insulated co n ta in e r receivi ng the transmitter; 
said container having a passageway extending from within 
and through sad container, and said container containing 
liquid about said transmitter, 

whereby the transmitter te mper a t ure may be maintained at 
substantially the liquid temperature to permit efficient 
transmitter operation within the finance; 
means for moving said transducer, transmitter and con¬ 
tainer through the oven; and 
means for receiving the transmitted signals; 
whereby the transmitted signal may be received ouentfo the 
oven from the remote locations of the sensed environ¬ 
mental coocfition. 

7. A method of protecting a transmitter traveBng through an 
oven, the steps comprising: 
sealing the transmitter in a liquidproof container; 
immersing the sealed transmitter in a contained Bqtdd meffi- 20 
um; " 

enclosing the scaled transmitter in foe contained Squid 
medium within an i n su l a tin g container, and - 

. conducting the contained liquid in vapor form out qf the in- 

nihtirig mntninfT . 25 


10 


IS 


8. A method of maintaining a reference junction of a ther¬ 
mocouple transducer traveling through a heal treating oven 
below a prede t e rmin ed t em p era ture within the oven, the steps 
co mpris i n g: 

positioning the reference junction of the thermocouple in n 
liquid environment; 

insulating the reference junction of the thermocouple and 
the liquid environment; and 

Conducting the contained liquid in vapor form out of the in¬ 
sulating container; 

whereby the reference junction may be substantially main¬ 
tained below the predetermined temperature correspond¬ 
ing to tiie bailing paint temperature of the liquid con¬ 
tained. 

9. An assembly for sensing a condition within an oven com¬ 
prising: an insulated container defining therein a cavity of 
predetermined size; sensing means for producing a signal in¬ 
dicative of the condition sensed within the oven, at least a por¬ 
tion of mid tensing means being positioned within said cavity, 
said portion being smaller in size than said cavity, and a liquid 
c ont a in e d within said cavity and vapor escape means for 
preventing the tem pe ra t u re within said cavity from rising 
beyond a predetermined temperature. 


30 


33 
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Claims Text - CLTX (29): 

signal processor means coupled to said 
temperature sensing means for 
recording a plurality of temperatures of the 
workpiece as it rotates within the 
heating zone; 


Claims Text - CLTX (30}: 

said computer means responsive to operation of 
said signal processor means 

for calculating an average temperature of the 

workpiece from the plurality of 

temperatures sensed and recorded and for 

deenergizing said induction heater 

when the average temperatures calculated reach 

predetermined values. 


Claims Text - CLTX (32): 

signal processor means coupled to said 
temperature sensing means for 
recording for each tooth of the workpiece 
temperatures at one or more locations 
including the top, root, and flank thereof; and 
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[57] ABSTRACT 

An apparatus is disclosed for performing thermome- 
chanical processing of gears in which precise control of 
the thermal, metallurgical and mechanical action during 
the forming process is maintain ed. The apparatus com¬ 
prises an induction heating system which reaustenitizes 
the surface of the gear with mmmmm decarburization, a 
material transfer system which provides timely opera¬ 
tions on the work piece, tooling and fixture adjustments 
which provide accurate initial conditions for forming, 
and a process control architecture that provides the 
precise sequence and timing necessary to achieve metal- 
lurgically sound and dimensionally accurate gears. 
Using this invention the induction heating cycle can be 
controlled from the peak, average or minimum gear 
surface temperature detected with a high response opti¬ 
cal pyrometer. An inert environment is maintained 
around the workpiece during the induction beating and 
transfer to quenching above the Ms temperature. Both 
through-feed and in-feed motion are simultaneously 
controlled by load, position and velocity transducers 
which provide feedback information to a supervising 
microprocessor. This apparatus produces metallurgj- 
cally sound and accurate gears. 

15 Claims, 11 Drawing Sheets 
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process and (2) through-feed motion in which the axes 
INDUCTION HEATING SYSTEM FOR A NEAR are translated parallel to each other after meshing or 

NET SHAPED GEAR BLANK synchronization at a fixed distance of separation. In 


GOVERNMENT SPONSORSHIP 5 

This invention was made with Government support 
under Contract N00039-88-00051 awarded by the U.S. 
Department of the Navy. The Government has certain 
rights in the invention. 

This is a divisional of application Ser. No. 10 
07/829,187, filed on Jan. 31, 1992, U.S. Pat No. 
5,221,513. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention * 5 

This invention relates to an apparatus for metallurgj- 

caOy treating steel gears by thermomechanical means to 
produce high strength and accurate contact surfaces 
through a net shape finishing process. 

2. Description of the Prior Art 20 

Highly loaded precision gears are normally manufac¬ 
tured by carburizing the surface of low carbon steel 
gears and T eanstemtizin g the entire gear prior to harden¬ 
ing by rapid quenching to below the temperature at 
which the diffusionless transformation process that ere- 25 
ales the hardened martensitic structure proceeds to 
completion, the so-called M/temperature. For medium 

to high carbon steel gears only the surface of the gears 
are reaustenitized prior to quenching to produce the 
hardened martensitic structure. The hardened gears are 30 
then finished to net shape by grinding, skiving or other 
hard finishing operations. A method has been proposed 
in U.S. Pat No. 4,373,973 in which a carburized gear is 
reaustenitized and quenched to above the start of the 
martensite transformation temperature, the so-called 35 
Mj temperature, rolled and then quenched to martensite 
before any diffusional decomposition can form from he 
metastable austenite. This invention i n c l udes light cold¬ 
working or burnishing to complete the transformation 
of remaining austenite. However, no specific process 40 
details are described that produce the required metallur¬ 
gical state for through-hardened, medium- or high-car¬ 
bon steel gears. Nor does that disclosure describe a 
specific apparatus which can accomplish tins process. 

In reduring the concept of U.S. Pat No. 4,373,973 to 45 
practice, we have discovered that certain critical basic 
issues must be addressed for a metallurgically sound and 
dimensionally accurate gear to be produced. To achieve 
metaHurgjcally sound structures, the surface decarburi- 
zation and attending oxide network characteristic of gas SO 
carburizing must be significantly reduced or eliminated. 
This is because, unlike conventional gear finishing, the 
outermost surface layers are not removed daring die 
final finishing operation. Metallurgically sound gears 
also have retained austenite levels of less than 10 per- 55 
cent Retained austenite is particularly prevalent with 
high carbon or high hardenability steel compositions. 
Highly accurate gear teeth require very precise control 
of the deformation process to minimize root slivers, lead 
direction err o rs , and profile direction errors. The pres- 60 
ent invention includes apparatus and methods to control 
both metallurgical quality and dimensional accuracy 
during thermomechairical gear finishing to produce the 
quality required of precision gears. 

Gear finishing by rolling uses two types of motion: (1) 65 
in-feed motion in which the axes of the workpiece and 
the die are brought together to a fixed position to en¬ 
gage the mesh of each to accomplish the deformation 


conventional cold rolling operations either one or other 
method is used. In-feed motion is used primarily for 
helical gears in which there is no way to compensate for 
tooth-to-tooth dimensional variations. Through-feed 
motion is required for spur gears but conventional gear 
finishing machines do not compensate for dimensional 
variations along the lead direction. In order to success¬ 
fully accomplish thermomechanical finishing by rolling, 
both processes must be used simultaneously and very 
accurate coordination between the two motions must be 
maintained to compensate for tooth-to-tooth and lead 
variations. As a prerequisite for precise control of the 
rolling die and workpiece during processing, the initial 
fixed setting must also be precisely controlled. For in¬ 
stance, arial Out-of-plane misalignmen t between the 
workpiece and tool can produce lead errors. In-plane 
misalignment between workpiece and tool nan lead to 
profile errors, a non-uniform profile contour along the 
lead direction, as well as lead errors. 

Therefore, to produce gears by thermomechanical 
processing which possess desirable metallurgical prop¬ 
erties and dimensional accuracy, it is necessary to main¬ 
tain precise control over the environment, thermal con¬ 
ditions and mechanical actions. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is 
provided an apparatus that performs thermomechanical 
processing of gears in which precise control of the 
thermal conditions, the environment and mechanical 
actions during the forming process is maintained. 

The essence of this invention are the process control 
methods and architecture for accomplishing the preci¬ 
sion motions, the thermal control, and the environmen¬ 
tal control using a unique combination of sensors, mech¬ 
anisms, and software. 

The control architecture for the mechanical move¬ 
ments comprises absolute position control and load 
control of the through-feed motion and absolute posi¬ 
tion, high resolution relative position and load control 
of the in-feed motion. Appropriate transducers and 
sensors are used to monitor each of these motions and 
loads and the signals from them are used as feedback 
signals for generating the error signal used in the servo 
controlled actuators for in-feed and through-feed mo¬ 
tion. An optical pyrometer based on infrared detection 
is used to monitor the temperature of the gear as it is 
being heated by an AF induction field. During this 
heating the workpiece is rotated at 100 RPM to distrib¬ 
ute the heat uniformly around the circumference of the 
gear. IR radiation from the gear passes through a fiber 
optic link to an IR detector, generating a signal which is 
processed by a rapid response signal processor so that 
die instantaneous temperature on each tooth and on 
each portion of the tooth such as top, flank and root can 
be monitored. This temperature signal is passed contin¬ 
uously to a high speed digital/analog interface for trans¬ 
mission to a supervising microprocessor. The peak, 
mean and minimum values of tooth-to-tooth tempera¬ 
tures are then used in the control logic for controlling 
the process. The thermal history during induction heat¬ 
ing is also recorded for off-line analysis. 

When the thermal criteria have been met, the micro¬ 
processor then t ransmi ts the co mman d si gnals to deen- 
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ergize the induction coil and to proceed with the next 
step of the process. The material handling mechanism 
then rapidly transfers the workpiece to a thermally 
controlled liquid working medium for quenching to the 
deformation temperature. After the workpiece has 
reached the deformation temperature, h is worked to its 
final dimension by combined in-feed and through-feed 
motion. Precise control of the operation is accom¬ 
plished by the use of a pressure sensor in the line supply¬ 
ing hydraulic flow to a rotary hydraulic motor power¬ 
ing the rolling die. Variation in the pressure of the ro¬ 
tary hydraulic motor is detected when tight mesh be¬ 
tween the workpiece and the die occurs. A signal gener¬ 
ated from this detection is used as a logic value to estab¬ 
lish the starting position for control of the deformation 
process. The in-feed motion is controlled from a signal 
from a high resolution displacement transducer which 
can measure displacements as fine as 0.0001 inch. The 
processing parameters are specified using a command 
generating software and are eventually downloaded to 
a supervising computer. A sequence generator allows 
the operator to program the operation with a series of 
two character commands but has built in checks to 
prevent operation that can inflict damage on either the 
workpiece or any part of the apparatus. 

The region above the working medium fluid in which 
the gear is induction heated and subsequently manipu¬ 
lated prior to quenching is maintained in a nitrogen or 
argon environment This feature minimizes unwanted 
oxidation and decarburization that can occur during 
this portion of the process. 

Other and further features, advantages, and benefits 
of the invention will become apparent in the course of 
the following description taken in conjunction with the 
following drawings. It is to be understood that the fore¬ 
going general description and the following detailed 
description are exemplary and explanatory but are not 
to be restrictive of the invention. The accompanying 
drawings which are incorporated in and constitute a 
part of this invention, illustrate one of the embodiments 
of the invention, and, together with the description, 
serve to explain the principles of the invention in gen¬ 
eral terms. Like numerals refer to like parts throughout 
the disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is an overall schematic diagram of the essen¬ 
tial control architecture required to achieve successful 
thennomechanical processing in accordance with the jo 
invention; 

FIG. 2 is a Timej-Temperature-Transformation (T-T- 
T) Diagram of a typical and preferred alloy, 3Ni-lCr 
steel, used for gear fabrication according to the inven¬ 
tion; 55 

FIG. 3 is a diagrammatic side elevation view of appa¬ 
ratus for gear processing as embodied by the invention; 

FIG. 4 is a diagrammatic end elevation view of the 
apparatus illustrated in FIG. 2; 

FIGS. 4A and 4B are detail diagrammatic views 60 
illustrating, respectively, two successive positions of 
components generally illustrated in FIG. 4; 

FIGS. 4C and 4D are detail end elevation views of 
certain parts illustrated in FIG. 4; 

FIG. 4E b a detail side elevation view of parts ill us- 65 
trated in FIG. 4C; 

FIG. 4F b a cross section view taken generally along 
line 4D—4D; 
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FIGS. 4G, 4H, 41 and 4J are detail diagrammatic side 
elevation views illustrating successive positions of parts 
illustrated in FIG. 4D; 

FIG. 5 b a detail perspective view of an individual 
tooth of an indexing gear utilized for purposes of the 
invention; 

FIG. 5A b a detail side elevation view of the gear 
tooth illustrated in FIG. S; 

FIG. SB b a detail top plan view of the gear tooth 
illustrated in FIG. 5; 

FIGS. 6 and 7 are detail front elevation and side 
elevation views, respectively, of an induction coil 
heater used for purposes of the invention; 

FIG. 8 b a tide elevation view of an out-of-plane 
adjustment mechanism used for purposes of the inven¬ 
tion; 

FIG. 8A b a detail top plan view merely illustrating 
the outline of two components illustrated in FIG. 8; 

FIG. 8B is a detail elevation view taken along lines 
8 B—8B in FIG. 8; 

FIG. 9 b a front elevation view of the mechanism 
illustrated in FIG. 8; 

FIG. 10 b a top plan view of the mechanism illus¬ 
trated in FIGS. 8 and 9; 

FIG. 11 is a detail top plan view of an in-plane adjust¬ 
ment mechanism utilized for purposes of the invention; 

FIG. 12 b a cross section view taken generally along 
line 12—12 in FIG. 11; 

FIG. 12A b a detail enlarged view of certain parts 
illustrated in FIG. 12; and 

FIG. 13 b a detail elevation view, in section, of a 
component illustrated in FIG. 3, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates diagrammatically and schematically 
a preferred system 20 for performing thennomechanical 
processing of gears in accordance with the present in¬ 
vention. 

The invention can be considered as having two sub¬ 
systems: a gear processing subsystem 22 by means of 
which the thennomechanical processes including heat¬ 
ing and deformation are applied to perform the net 
shape processing of a workpiece 24 and a control sub¬ 
system 26 which provides for logic sequence and timing 
that are critical for the successful operation of the in¬ 
vention. As seen diagrammatically in FIGS. 3 and 4, the 
thennomechanical subsystem 22 b contained in an en¬ 
closed compartment 28 providing an inert gas environ¬ 
ment for the heating and final quenching of the work- 
piece 24. A vessel 30 in a sealed relationship with the 
compartment 28 contains a liquid working medium 32 
which may be a commercially available marquenching 
oil The workpiece b rapidly immersed in the liquid 
medium 32 thereby quenching it to the thennomechani- 
cal processing temperature of the metastable austenite 
in which net shape forming b performed. This stage of 
the process b referred to, metallurgically, asausforming. 

The workpiece 24 b referred to initially as a “near net 
shaped gear blank” and when all processes of the inven¬ 
tion have been completed, it b referred to as a “net 
shaped gear”. As a near net shaped gear blank, it may 
have been hobbed or otherwise formed using conven¬ 
tional techniques. As such, for purposes of the inven¬ 
tion, the workpiece 24 b formed with its gear teeth 
approximately 0.001 to 0.002 inches oversized in tooth 
thickness relative to the final or desired size so that the 
gear can meet the dimensional tolerances of AGMA 
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required for high performance gears without the neces¬ 
sity of grinding. The displacement of the metal during 
the deforming operations performed in accordance with 
the invention serves to remove the excess tooth thick¬ 
ness while assuring the proper profile. Grinding is elimi- 5 
nated, and for this reason alone there can be as much as 
a 70% increase in surface durability at any given 
contact stress level. 

High strength gears are generally fabricated from a 
low carbon alloy carburizing grade steel in which the 10 
surface and sub-surface regions have been enriched 
with carbon to a specified depth. The higher carbon 
content serves to increase the hardness and to 
strengthen the material along the gear contacting teeth 
surfaces and beneath the surface. The elevation in hard- IS 
ness results from transformation of the steel from the 
face centered cubic crystal structure known as austenite 
to the body centered tetragonal crystal structure of 
very fine grain size known as martensite. Less hard but 
tougher properties can be obtained by isothermal trans- 20 
formation to bainite or a mixture of baitrite and martens¬ 
ite upon quenching. 

In a conventional gear processing method, the work¬ 
piece is quenched rapidly through the austenitic region 
by imm ersion into quenching media below the Mjtem- 25 
perature. The workpiece is subsequently tempered at a 
designated temperature to soften the structure and im¬ 
part ductility. After the tempering treatment is com¬ 
plete, gear finishing is accomplished by grinding in a 
well known manner for high performance gears. 30 

As mentioned above, the present invention eliminates 
the grinding operation to provide a microstructurally 
improved gear tooth surface as will now be described. 

An important part of this invention is to select a carbu¬ 
rizing grade steel, such as carburized nickel-chromium 35 
steel, which has a transformation curve with a metasta¬ 
ble austenitic condition just above the martensitic range 
for a period of time sufficiently long to allow shaping of 
the gear teeth surfaces. There is in shown FIG. 2, the 
time-temperature-transformation chart for nickel- 40 
chromium steel carburized to about 1 . 0 % surface car¬ 
bon. The carburized nickel-chromium steel is com¬ 
monly used for manufacturing high performance gears 
in the aerospace industry. 

The time-temperature-transformation curves show 45 
the times required for austenite to start and to complete 
transformation at each temperature. Temperature is 
indicated along the ordinate and time on a logarithmic 
scale is indica t ed along the abscissa. 

After the carburized gear is heated above its critical 50 
temperature to an initial temperature 10 , or approxi¬ 
mately 1350* F., to render it austenitic, it is rapidly 
isothermally quenched (marquenched) from point 12 to 
point 14 at a rate exceeding a critical cooling rate in a 
liquid medium such as a standard marquenching oil 55 
which is maintained just above the temperature at 
which m a r t ensi te starts to form and metastable austenite 
is obtained. A critical cooling rate is defined by the 
slope of line 12-14 that avoids the nose 16 of the trans¬ 
formation curve where austenite and cementhe start to 60 
form. 

To allow the maximum time for mechanically operat¬ 
ing on the surfaces of the workpiece 24 while in the 
metastable austenitic condition, the cooling step must 
terminate temporarily at a temperature just above the 65 
martensitic condition. In FIG. 2, the point 14 beginning 
a new temperature plateau ending at point 17 is shown 
positioned at about 450* F. 
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Shaping of gear teeth further in accordance with this 
invention employs a process which is performed be¬ 
tween points 14 and 17 whereby gear swaging or rolling 
or other operations are used to shape the gear teeth by 
deforming the metastable austenitic carburized layer 
prior to and before its conversion to martensite. This 
occurs during a pre-transformation time interval at a 
temperature below that for recrystallization of austenite 
and just above the M, of the carburized layer. This 
process, to be described, presents a means of developing 
ultra high strength in the current carburized case hard¬ 
ened gears processed by the conventional heat treat 
processing. 

Following the shaping operation, the gear is trans¬ 
ferred to a quench station, as indicated in FIG. 2 by line 
17-18. Final quench, preferably utilizing a pressurized 
gas stream, although a liquid is within the scope of the 
invention, is initiated at point 18 and is finalized at point 
19 in the martensitic range. 

The control subsystem 26 of the invention comprises 
both hardware and software supervising and control¬ 
ling the thermomechanical operations. The control 
subsystem is under the primary supervision of a micro¬ 
processor 34. All of the functions necessary for the 
operation of the mechanical, environmental and ther¬ 
mal functions of the apparatus are controlled from this 
computer. The software used for these functions are 
preinstalled prior to operation and the algorithms con¬ 
tained in the software are considered part of the inven¬ 
tion. The machine operator has a choice of operating 
each function of the machine separately or initiating a 
sequence of operations that will actually perform the 
thermomechanical forming operation. The software is 
constructed in such a way that each separate function 
cannot proceed until a requisite condition exists in the 
apparatus. The sequence of operations or “program” is 
generated by the operator ncinp a series of two charac¬ 
ter commands which are stared for execution. The 
algorithm checks for sequences of operation that cannot 
be permitted. The program commands are transferred 
to a unit 36 for routing to the proper component in 
system 26. The unit 36 is concurrently a high speed 
signal conditioner, an I/O interface, and a digital- 
/analog (D/A) converter. 

During the operation of the system 20 (see FIG. IX a 
control signal mitialiTA* all functions and sets up the 
individual subsystems and mechanisms for the operation 
to proceed. The process begins with a control signal 
from the interface 36 to an audio frequency (AF) con¬ 
trol 38 which in turn energizes an AF work station 40 to 
provide an electric field to a toroidal-shaped, water 
cooled, induction coil heater 42 (see especially FIGS. 4, 
6 , and 7) into which the workpiece is temporarily posi¬ 
tioned. The electrical field generated as the result of the 
operation of the induction coil may be 10 KHz, by way 
of example. 

With particular reference to FIG. 2, which is a time- 
ton perature-transformation diagram of a typical and 
preferred alloy used for gear fabrication, namely, 3Ni- 
lCr steel, the workpiece 24 is heated to a temperature at 
which austenite is stable, whether it be a hypereutectic 
steel of a hypoeutectic steel. As heating proceeds, the 
temperature of the workpiece is monitored by means of 
an IR detector 44. An optical pyrometer which is an 
integral part of the IR detector performs this function, 
obtaining its information via a fiber optic link 46. Heat 
radiation from the workpiece is received through a 
sighting hole 48 in the coil 42 (see especially FIGS. 4, 6 , 
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and 7) which is transmitted to a high speed thermal 
signal processor SO. A commercially available signal 
processor which has been found suitable for this pur¬ 
pose is Vanzetti Systems Infrared Thermomonitor 
Model No. 3008 manufactured and sold by Vanzetti 
Systems of Straighten, Mass. 

The signal processor 50 must have a sufficient re¬ 
sponse time to enable it to distinguish the variations in 
temperature from top 24A to flank 24B to root 24C of 
each tooth (see FIG. 6), typically, of a 4 inch diameter, 

8 diametral pitch gear as it is rotated at speeds approxi¬ 
mately in the range of 80 to 100 RPM, in a manner to be 
described, during the induction heating operation. The 
processed signal is then transmitted to the high speed 
digital to analog (D/A) converter 36 and in turn to the 15 
microprocessor based computer 34 in which the prepro¬ 
grammed algorithm determines whether the tempera¬ 
ture profile of the gear has achieved the requisite condi¬ 
tion before proceeding to the next processing step. At 
that point, a logic signal is returned to the D/A con- 20 
verier 36 which sends the appropriate control signal to 
the induction coil control system represented by the 
controller 38 and work station 40 to turn off the energy 
field. The induction heating is performed within the 
enclosed compartment 28 in a controlled environment 25 
of nitrogen, or argon, or other suitable inert gas to mini¬ 
mize the amount of decarburization and oxidation of the 
workpiece surface. 

The workpiece 24 is then rapidly transferred into the 
liquid working medium 32 where it is quenched to the 30 
metastable austenite condition. The mechanism for 
transferring the workpiece during the thennomechani- 
cal processing operation is best seen in FIG. 4 and its 
assoicated detail drawings, FIGS. 4A-4J. As with the 
induction heating operation, quenching of the work- 35 
piece 24 takes place in the controlled environment pro¬ 
vided within the compartment 28. 

A support spindle 52 cm which the workpiece is suit¬ 
ably releasably secured is mounted for unitary rotation 
with an tipper spindle bearing block 54 which is allowed 40 
to slide on the gear transfer slide plate 56 via dovetail 
slide ways 58 during the transfer operation. Induction 
heating takes place with the wor k piece 24 in the hori¬ 
zontal or dashed line position (FIG. 4). For this opera¬ 
tion, the workpiece 24 is extended an the support spin- 45 
die 52 until it is positioned within the induction coil 
heater 42 (see especially FIG. 4A). Extension is accom¬ 
plished by means of a workpiece transfer actuator 60 
and its associated actuator rod 62 mounted on a transfer 
frame 64. After the workpiece is positioned within the 50 
induction coil heater 42, a friction drive wheel 66 en¬ 
gages the support spindle 52 to impart rotation to the 
workpiece during induction heating. A rotational speed 
in the range of 80 to 100 RPM has been found desirable 
for purposes of the tnvention. 

When the induction heating cycle is completed, the 
workpiece is rapidly retracted from die induction coiL 
Retraction is accomplished by means of a lost motion 
mechanism which generally comprises a longitudinally 
extending bracket 54A, apertnred transverse ear 54B, 60 
actuator rod 62, and an enlarged end 62A of the actua¬ 
tor rod. At one end, the bracket 54A is fixed to the 
bearing block 54 and the ear 54B is an integral part of its 
opposite end. The actuator rod extends slidably through 
the aperture ear 54B and terminates at the enlarged end 65 
62A. In actual fact, the extreme end of the actuator rod 
62 may be threaded and the enlarged end 62A may be a 
nut threadedly received on the apertnred end to pro- 
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vide for adjustment of the lost motion mechanism. As 
seen in FIG. 4B, operation of the actuator 60 to retract 
the workpiece 24 from the heating zone of the induction 
coil heater 42 is effective to move the actuator rod 62 to 
5 the left (FIGS. 4A and 4B) until the enlarged end 62A 
engages the ear 54B, following which the bearing block 
54 carrying the workpiece 24 and its spindle 52 is then 
slid to the left on the gear transfer plate 56. 

The transfer frame 64 is then rotated to a vertical, or 
10 solid line, orientation (FIG. 4). This rotation is accom¬ 
plished by a swivel actuator 68 operating through an 
actuator rod 70 whose extreme end is pivotally at¬ 
tached, as at 72, to the workpiece transfer frame 64 
which is free to swing about a stationary axle 74. When 
the transfer fr ame 64 reaches the vertical orientation, 
the gear transfer actuator 60 is then operated to extend 
the workpiece 24 below the level 76 of the liquid work¬ 
ing medium 32 within the vessel 30 where it is quenched 
to the metastable austenitic te m perat u re. The transfer 
operation which includes withdrawal of the workpiece 
from the induction coil heater 42, swinging of the trans¬ 
fer frame 64 to the upright position, and immersion of 
the workpiece in the working medium 32 is performed 
in an extremely rapid manner, taking place over an 
interval of approximately two seconds. 

The upper spindle bearing block 54 is then trans¬ 
ferred via the transfer dovetail slide ways 58 (FIGS. 4 
and 4D) to a gear support plate 78 so that the lower end 
of the workpiece support spindle 52 is captured within 
a lower spindle bearing block 80. This movement can 
best be seen with attention to FIGS. 4G-4J. A through- 
feed actuator 138, mounted on a top plate 139 (FIG. 3), 
imparts its motion to an actuator guide plate 86 by way 
of a through-feed rod connector 140. Selected operation 
of the actuator 138 serves to move the through-feed rod 
140 in its longitudinal directions as indicated by a dou¬ 
ble arrow head 140A (FIG. 4G). After the workpiece 
transfer frame 64 has swung to the vertical position as 
indicated by solid lines in FIG. 4, the through-feed 
actuator 138 is operated to raise the through-feed rod 
140, and with it the workpiece support plate 78 and the 
lower spindle bearing block 80 which is an integral part 
of the support plate 78. The actuator guide plate 86 is 
raised until the upper regions of the support plate 78 are 
proximate to the lower regions of the workpiece trans¬ 
fer frame 64. Thereupon, the actuator rod 62 operated 
by the workpiece transfer actuator 60 is advanced until 
its tip end engages the upper spindle bearing block 54. 
Continued operation of the actuator 60 is effective to 
transfer the bearing block 54 from the upper dovetail 
slideways 58 to lower dovetail slideways 58A provided 
on the workpiece support plate 78. The actuator 60 
continues to extend the actuator rod 62 until the bearing 
block 54 has reached the position generally as indicated 
55 in FIG. 4J. The upper spindle bearing block 54 is then 
locked onto the gear support plate 78 by means of a 
dovetail locking mechanism 82 (see especially FIG. 4F) 
which includes hydraulically actuated gib locks. 

As seen in FIG. 4F, the dovetail locking mechanism 
82 comprises a hydraulic cylinder 82A which operates a 
gib 82B which, by its operation, eliminates the clear¬ 
ance between the sliding parts provided by the dovetail 
slideways 58A. 

Through-feed motion, as represented by a double 
arrowhead 84 in FIG. 4, can then proceed by vertical 
translation of the actuator guide plate 86 on the in-feed 
translation plate 88. In-feed motion as represented by a 
double arrowhead 90 in FIG. 3 can proceed simulta- 
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neously by sliding of the in-feed translation plate 88 on 
in-feed slide guides 92 which are supported by in-feed 
slide bushings 94, all in a manner to be described below 
in greater detail. 

At this point, the rotary actuator 96 which may be S 
hydraulically operated can be activated to provide rota¬ 
tion, via an actuator shaft 98, to a coordinated rolling 
die 100 and indexing gear 102. Both the rolling die and 
the indexing gear are supported for rotation on an ex¬ 
tension 98A of the actuator shaft 98 in a rolling die 10 
support frame 104. The axis of the workpiece 24 is 
positioned generally parallel to the plane of the axis of 
the rolling die 100 and of the indexing gear 102 so that 
meshing will occur as it passes through the indexing 
gear to synchronize or coordinate the rotation of the 15 
workpiece with that of the t olling die. In effect, the 
indexing gear 102 is a spur gear having modified teeth 
106 (see FIGS. 5,5A, and SB). In FIG. 5, the outline of 
an original tooth is indicated by a combination of solid 
and dashed lines. As modified, indicated solely by solid 20 
lines, each tooth extends from a root 108 to a top land 
110 and has been tapered on its lead ride in a manner 
extending from a line 112 of departure Grom a flank 114 
across a crest 116 to an opposite Hne of departure 118 
from an opposite flank 120. This construction results in 25 
opposed tapered surfaces 122,124 on the entry ride of 
the teeth 106 which operate as cams to slightly rotate 
the workpiece 24 into synchronization with the rolling 
die 100. While other mechanisms could be used to move 
the workpiece into alignment with the rolling gear die 30 
100 prior to their placement into a meshing relationship, 
the construction disclosed is a most economical one and 
is preferred. 

The present invention provides for making appropri¬ 
ate adjustments should they be determined desirable to 35 
assure that an optimized gear will result from operation 
of the system 20. To this end, the mechanism of the gear 
processing subsy s tem 22 provides for both in-plane and 
out-of-plane adjustments which are provided relatively 
between the workpiece 24 and the rolling gear die 100. 40 

The out-of-plane adjustment, that is, adjustment 
made outside of the plane defined by the axes of both 
the rolling gear die 100 and the workpiece 24, is pro¬ 
vided by means of an adjustment mechanism 125 de¬ 
picted in greater detail in FIGS. 8-10. By reason of this 45 
construction, the bifurcated rolling die support frame 
104, when in the unlocked condition, is allowed to ro¬ 
tate around a pin 126. The pin 126 passes through the 
center of the die support frame 104 and through a load 
reaction frame 128 on which it is supported. Suitably 50 
mounted to an upper surface of the load reaction frame 
128 is a cantilever plate 128A. The cantilever plate 
128A has a pair of spaced finger members 128B, 128C 
which extend over the support frame 104 and define a 
recess 128D between them. An tipper adjustment mem- 55 
ber 104A is also suitably attached to an upper surface of 
the support frame 104 and includes an them. An upper 
adjustment member 104A is also suitably attached to an 
upper surface of the support frame 104 and includes an 
integral head member 104B which extends upwardly 60 
into the recess 128D. Opposed adjustment screws 104C 
are threadedly received through the finger members 
128B, 128C in opposed fashion to engage opposite sides 
of the head member 104B. Adjustment plate 128A is 
positioned above the level 76 (FIG. 4) of the liquid 65 
working medium 32. Out-of-plane adjustment as repre¬ 
sented by angles 104D and 104E is accomplished by the 
appropriate operation of the adjustment screws 104C, 


screwing or unscrewing them in a unitary fashion to the 
extent desired. In order to secure the support frame 104 
on the load reaction frame 128 when the desired out-of- 
plane adjustment has been achieved, a pair of locking 
bolts 128E which extend through arcuate grooves 128F 
and into threaded engagement with the support frame 
104 are then tightened. This assures that the support 
frame 104 is locked against further additional undesired 
movement 

The in-plane adjustments, that is, adjustments made 
within the plane defined by the axes of both the rolling 
gear die 100 and the workpiece 24, are made on the 
workpiece support plate 78 with a locking mechanism 
134 the control portions of which also extend above the 
level 76 (FIG. 4) of the liquid working medium 3Z For 
purposes of the locking mechanism 134, the actuator 
guide plate 86 is provided with a hollowed-out region 
defined, in part, by an arcuate in-plane adjustment sur¬ 
face 136 which is congruent with a similar surface 137 
an the workpiece support plate 78 opposite the surface 
on which the bearing blocks 54 and 80 are received. A 
te rminal end of the through-feed rod 140 extends freely 
through a clearance hole 86A in the actuator guide plate 
86, then through a clearance hole 78A in a projection 
integral with the support plate 78. Fasteners 78C of the 
ball joint variety serve to pivotably attach the free end 
of the connector rod 140 to the projection 78B. Longi¬ 
tudinal movement of the rod connector 140 as defined 
by double arrowhead 144 causes the gear support plate 
78 to rotate normal to the radius of an in-plane adjust¬ 
ment surface 136, generally in the manner indicated by 
double arrowhead 141A. When the proper orientation 
of the workpiece support plate 78 relative to the actua¬ 
tor guide plate 86 has been achieved, a plurality of 
suitable fasteners 78D are then tightened to guard 
against the desired relative movement. 

These mechanisms 130 and 134 permit the final ad¬ 
justments of in-plane and out-of-plane alig nments to be 
made when the system has reached thermal equilibrium. 
Once the adjustments have been made, the rolling die 
support frame 104 and the gear support plate 132 are 
locked in relative alignment They remain so locked 
until it becomes desirable to make co rre ct in g adjust¬ 
ments at some future time. 

As previously noted, through-feed motion is pro¬ 
vided by a through-feed actuator 138, mounted on the 
top plate 139, which imparts its motion to the actuator 
guide plate 86 through the through-feed rod 140. To 
accommodate small incremental movements of the ac¬ 
tuator guide plate 86 in the in-feed direction, a through- 
feed rod coupling 142 is provided to provide the 
through-feed rod 140 with a small amount of lateral 
flexibility. As seen particularly well in FIG. 13, the 
coupling 142 includes an upper ring member 200 which 
freely receives an end of the upper portion of the 
through-feed rod 140. A domed cap 202 with a periph¬ 
eral flange 204 is fittingly received on an upper end of 
die lower through-feed rod 140 which matingly en¬ 
gages with an intermediate member 206 fittingly re¬ 
ceived on a lower end of the upper through-feed rod 
140 and having a lower concave surface 208 slidably 
engaged with a concave surface 210 of the domed cap 
202. The outer peripheries of the upper ring member 
200 and of the domed cap 202 are joined by means of 
studs 212. The studs 212 pass freely through clearance 
holes 214 provided in an annular flange 216 of the inter¬ 
mediate member 206. It will be appreciated that as the 
actuator guide plate 86 moves in the direction of a don- 
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ble arrowhead 90 (see FIG. 3), the surfaces 208,210 will 
be caused to slide slightly relative to one another and 
thereby provide the requisite lateral movement of the 
through-feed rod 140 without causing damage to the 
system. 5 

The in-feed motion is produced from an in-feed actu¬ 
ator 150 also mounted on the top plate 139 and is trans¬ 
mitted to a sliding in-feed wedge 152 through an in-feed 
rod connector 154. The vertical motion of the sliding 
in-feed wedge 152 transmits force to the vertically fixed 10 
in-feed wedge 155 which in turn provides in-feed mo¬ 
tion to the in-feed translation plate 88 . The taper of the 
wedge mechanism may be, for example, 40:1. The fric¬ 
tion of the sliding in-feed wedge 152 is minimized by the 
use of linear roller bearings 156 between it and the load 15 
reaction frame 128 and the in-feed wedge 155. The 
in-feed translation plate 88 is guided in the horizontal 
position by four in-feed slide guides 92. Two return 
springs 160 on the bottom in-feed slide guides 92 and 
extending between the load reaction frame 128 and the 20 
in-feed translation plate 88 provide a return force when 
the in-feed actuator 150 is withdrawn. The entire work¬ 
ing assembly is mounted on a bed plate 162 which is 
attached to the top plate 139 by four spaced support 
columns 164. 

The workpiece 24 is advanced axially along its lead 
direction at a preprogrammed rate of through-feed 
velocity, programmed as incremental position feedback. 
During this operation the pressure resisting entry of the ^ 
workpiece is monitored by a through-feed load cell 166 
connected between the through-feed actuator 138 and 
the workpiece 24 by the through-feed rod connector 
140. If the through-feed resistance exceeds a preset limit 
further advance is prevented. Simultaneously the re- 35 
quired in-feed position is provided by the in-feed actua¬ 
tor 150 to the in-feed translation plate 88 . The in-feed 
motion determines the position of the workpiece axis 
relative to the rolling die axis, which is measured by a 
high resolution displacement transducer 168 located 40 
above the level 76 of the liquid working medium 32. 
The signal from this transducer is the primary feedback 
for maintaining the proper degree of engagement be¬ 
tween die and workpiece. A high resolution displace¬ 
ment transducer 168 measures distance between the 45 
axes of the workpiece 24 and the rolling gear die. 

Id order to properly control the forming action, the 
amount of absolute displacement between the surfaces 
of the die teeth and the workpiece teeth must be con¬ 
trolled. This is accomplished by determining the point 50 
of meshing contact between the die and workpiece by 
detecting the increase in hydranhc pressure from a pres¬ 
sure sensor 170 in the rotary actuator 96. This signal is 
then returned to the microprocessor 34 via the I/O 
interface 36 where it is used to initialize the signal from 35 
the high resolution displacement transducer 168. The 
in-feed p r ess u re is also monitored with an in-feed load 
cell 172 to determine if unexpected high in-feed loads 
are produced by the forming action. The microproces¬ 
sor 34 will generate a signal to delay in-feed motion if 60 
the loads are beyond the pre-set limit Alternatively, 
forming loads can be used as the primary control signal 
and the high resolution displacement transducer 168 can 
be used to monitor axial displacement Both in-feed and 
through-feed processing signals including load, position 65 
and displacement are continually monitored and re¬ 
corded on the hard drive of the computer for later 
analysis. 
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After the thermomechanical deformation is com¬ 
plete, the workpiece 24 is removed from the liquid 
working medium 32 and quenched with a stream of gas 
from a gas quench system 174. For this operation, the 
entire sequence previously described following beating 
of the workpiece and its subsequent immersion into the 
liquid working medium is re-traced. 

The control system employs servovalve operated 
actuators in which the feedback signals from the 
through-feed loop is directed to a through-feed condi¬ 
tioner 176 and after conditioning directed to a through- 
feed servocontroller 178 where it is compared with the 
command signal to generate the error signal for the 
servovalve. Likewise the in-feed actuator 150 receives 
an error signal through the loop containing an in-feed 
signal conditioner 180 and an in-feed servocontroller 
182. Command signals from the command signal gener¬ 
ator 36 are alternately provided to each loop to effect 
operation simultaneously. 

While preferred embodiments of the invention have 
been disclosed in detail, it should be understood by 
those skilled in the art that various other modifications 
may be made to the illustrated embodiments without 
departing from the scope of the invention as described 
in the specification and defined in the appended claims. 

We claim: 

1. Apparatus for heating a workpiece in the form of a 
near net shaped gear blank having carburized gear teeth 
surfaces above its critical temperature to ob tain an aus¬ 
tenitic structure throughout its carburized case, said 
apparatus comprising: 

a toroidal shaped induction heater defining a heating 
zone; 

upper support means for rotatably mounting the 
workpiece proximate to and aligned with the heat¬ 
ing zone; 

workpiece actuator means for selectively moving the 
workpiece between a retracted position displaced 
from said heating zone and an advanced position 
within the heating zone; 

drive means for rotating the workpiece in the heating 
zone; and 

temperature sensing means distant from said toroidal 
heater and directed at the workpiece for detecting 
the temperature in rapid seq uence of a plurality of 
locations on the gear teeth surfaces of the work- 
piece as the workpiece rotates in the heating zone. 

2. Apparatus as set forth in claim 1 wherein said 
upper support means includes: 

an elongated workpiece transfer frame; 

a bearing block movable on said transfer frame be¬ 
tween first and second positions; and 

a workpiece support spindle rotatably mounted on 
said bearing block. 

3. Apparatus as set forth in claim 2 

wherein said induction heater has a central axis; 

wherein said support spindle is rotatable on a spindle 
axis which is coaxial with the central axis; and 

wherein said actuator means includes: 
a workpiece transfer actuator; and 
an actuator rod operably associated with said trans¬ 
fer actuator having a free end engageable with 
said bearing block movable between a first and a 
second position for advancing the workpiece, 
respectively, from the retracted position to the 
advanced position. 

4. Apparatus as set forth in claims 3 wherein said 
actuator means includes lost motion means for moving 
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the workpiece from the advanced position to the re¬ 
tracted position. 

5. Apparatus as set forth in claim 4 wherein said lost 
motion means includes: 

a guide member fixed on said bearing block including: 
an elongated base member fixed at one end to said 
bearing block and extending in a direction of said 
transfer ac tuat or, and 

a traverse ear on said base member distant from 
said bearing block having a through hole to slid¬ 
ably receive said actuator rod; and 
wherein said actuator rod includes a stop member 
on an extremity thereof engageable with said 
traverse ear for moving the workpiece from the 
advanced position to the retracted position upon 
movement of said actuator rod from the second 
position to the first position. 

6. Apparatus as set forth in claim 1 wherein said drive 
means includes a rotatable drive wheel selectively mov¬ 
able between a non-driving position disengaged from 
said support spindle and a driving position tangentially 
engaged with said support spindle for rotating the 
workpiece within the heating zone. 

7. Apparatus as set forth in claim 1 

wherein said induction heater has an outer peripheral 
surface and an inner peripheral surface and a radi¬ 
ally directed sighting hole extending from said 
inner peripheral surface to said outer peripheral 
surface; and 

wherein said temperature sensing means includes 
infrared detection means positioned to be generally 
coplanar with said induction heater and with the 
workpiece when in the advanced position and 
aligned with the sighting hole for detecting the 
temperature of the gear teeth surfaces of the work- 
piece. 

8. Apparatus as set forth in claim 1 including: 

Computer means for energizing said induction heater 

to impart heat to the heating zone; and 

signal processor means coupled to said temperature 
sensing means for recording a plurality of tempera¬ 
tures of the workpiece as it rotates within the heat¬ 
ing zone; 

said computer means responsive to operation of said 
signal processor means for calculating an average 
temperature of the workpiece from the plurality of 
temperatures sensed and recorded and for deener¬ 
gizing said induction heater when the average tem¬ 
peratures calculated reach predetermined values. 

9. Apparatus as set forth in claim 1 including: 

signal processor means coupled to said temperature 

sensing means for recording for each tooth of the 
workpiece temperatures at one or more locations 
including the top, root, and flank thereof; and 

computer means responsive to operation of said sig¬ 
nal processor means for calculating average tem¬ 
peratures of the one or more locations of the teeth 
of the workpiece from the temperatures sensed and 
recorded and for deenergizing said induction 
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heater when the average temperatures calculated 
reach predetermined values. 

10. Apparatus as set forth in claim 1 wherein said 
computer means includes means for pulsing the energy 

5 to said induction heater to thereby impart heat intermit¬ 
tently to the heating zone. 

11. Apparatus as set forth in claim 1 wherein said 
induction heater is an AF induction heater whose elec¬ 
tric field operates in the range of approximately 10 

10 KHz. 

12. Apparatus as set forth in claim 1 including an 
enclosure providing an inert atmosphere for all opera¬ 
tions performed on the workpiece. 

13. Apparatus as set forth in claim 1 including: 

15 computer means for selectively energizing said induc¬ 

tion heater to impart heat to the heating zone; and 
signal processor means responsive to operation of 
said temperature sensing means for continuously 
calculating and recording the temperature of the 
20 top and of the root of each tooth of the workpiece; 
said computer means being responsive to operation of 
said signal processor means for continuously aver¬ 
aging the temperatures of the tops of the teeth of 
the workpiece and for continuously averaging the 
25 temperatures of the roots of the teeth of the work¬ 
piece and for comparing the average te m peratures 
of the tops of the teeth of the workpiece with a 
predetermined temperature and for comparing the 
average temperatures of the roots of the teeth of 
30 the workpiece with a predetermined temperature, 
said computer means being operable for deenergiz¬ 
ing said induction heater whan the average temper¬ 
atures measured are within a predetermined range 
of the predetermined temperature in each instance. 
35 14. Apparatus as set forth in cl aim 1 including: 

signal processor means responsive to operation of 
said temperature sensing means for continuously 
calculating and recording the average peak tem¬ 
perature of all the teeth of the workpiece; and 
40 computer means responsive to operation of said sig¬ 
nal processor means for continuously comparing 
the average peak temperature of all the teeth with 
a predetermined temperature and for deenergizing 
said induction heater when the average peak tem- 
45 perature d et ected is within a predetermined range 
of the predetermined temperature. 

15. Apparatus as set forth in claim 1 including: 
signal processor means responsive to operation of 
said temperature sensing means for continuously 
50 calculating and recording the temperatures of all of 

the teeth of the workpriece; 
said computer means being respxmsive to operation of 
said signal processor means for continuously com¬ 
paring the minimum temperature of all of the teeth 
55 with a predetermined temperature and for deener¬ 
gizing said induction heater when the minimum 
temperature detected is within a predetermined 
range of the predetermined temperature. 

• * • » » 
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Drawing Description Text - DRTX (4): 

FIG. 3 is a schematic representation of the 
connection between the heating 
system and a programmable control means. 


Detailed Description Text - DETX (5): 

Now referring to FIG. 3, in the preferred 
embodiment of the invention a 

programmable control mechanism 300 directs the 
heating of the preceding heating 

section 52 and the following heating section 56 and 
the use of the induction 

heating section 54. In other embodiments of the 
invention, the control 

mechanism may not be programmable. The 
programmable control mechanism 300 
directs the heating via a programmable control 
system 302 that is 

interconnected with the preceding heating section 
52, the induction heating 

section 54, and the following heating section 56 
through conduit 304 to direct 

the operations of the heating system 50. In other 
embodiments of the 

invention, a wireless transmission system (not 
shown) may be used in place of 
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or in conjunction with conduit 304. 

Instrumentation in the heating system 50 
measures at least a portion of the variables 
(discussed below) of the combined 

strip 40 and of the heating system 50 and generates 
variable signals 310. 

Conduit 304 sends the variable signals 310 from the 
heating sections to the 

programmable control system 302. Additional 
variables that are not measured by 
the instrumentation are determined by a heating 
system operator and are 

manually inputted into the programmable control 
system 302 via an input device 
306 . 


Detailed Description Text - DETX (6): 

There are numerous variables that are received 
by the programmable 

controller 302. Some of the variables for the 
first strip are length 24, width 

28, and thickness 29. Some of the variables for 
the second strip are length 

26, width 30, and thickness 31. Other important 
variables in heating the first 

and second strips 10 and 16 include the initial 
temperature of the strips, the 

strips' speed through the heating system 50, and 
the exit temperature of the 

strips. Instrumentation may be used to measure a 
portion of these variables, 

i.e., thermocouples, distance indicators, speed 
indicators, etc. 


Detailed Description Text - DETX (8): 

The programmable control system 302 analyzes the 
variable signals 310 and 

the manually inputted variables in the context of a 
thermal model 308 to 
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determine new operating parameters for heating 
system 50. The thermal model 

308 is a mathematical model that simulates the heat 
transfer between the 

heating system 50 and the combined strip 40 and the 
results of changes in the 

operating conditions of the heating system to 
determine new operating 

parameters. After the analysis, the programmable 

control system 302 translates 

the new operating parameters into operating 

parameter signals 312 that are sent 

to the heating system 50 via the conduit 304 to 

direct the operations thereof. 

In other embodiments of the invention, the 
operating parameters are determined 
by a heating system operator who either manually, 
or via a control system, 

directs the operations of the heating system 50. 


Detailed Description Text - DETX (15): 

Prior to the first strip 10 entering the heating 
system 50, the programmable 

control mechanism 300 sends operating parameter 
signals 312 to the first and 

following heating sections 52 and 56 to heat the 
different zones in the 

sections to attain a first temperature profile. 

The first temperature profile 
is established by the temperatures of the 
combustion zones 101-112 at which the 
first strip 10 can exit the heating system 50 
within a predetermined first 

temperature tolerance range. Likewise, a second 
temperature profile enables 

the second strip 16 to exit the heating system 50 
within a second predetermined 

temperature tolerance range. The temperature 
profiles are established in the 

first and following heating sections 52 and 56 and 
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[57] ABSTRACT 

A heating system and method for heating a metal strip to 
within a predetermined temperature tolerance range while 
the metal strip serially travels through a beating system. The 
heating system has at least one preceding heating section, at 
least one induction heating section, and at least one follow¬ 
ing heating sections, with the heating sections being serially 
arranged. The metal strip is heated to below the Curie point 
of the metal strip in the preceding heating section. Next, the 
metal strip is heated to, at a maximum, approximately the 
Curie point in the induction heating section. Then, the metal 
strip is heated to above the Curie point and to within the 
predetermined temperature tolerance range in the following 
heating section. 

26 Claims, 7 Drawing Sheets 
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INDUCTION HEATERS TO IMPROVE 
TRANSITIONS IN CONTINUOUS HEATING 
SYSTEM, AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the heating of metal strips 
passing through a continuous heating system. More 
specifically, this invention relates to the heating of metal 
strips to within predetermined temperature tolerance ranges. 

2. Description of the Prior Art 

Generally, continuous heating furnaces are used for con¬ 
tinuously annealing or galvanizing steel strip, band, or plate, 
which shall be referred to collectively as “strip.” Specific 
heating procedures are established to impart desired char¬ 
acteristics to the strip. Each heating procedure has a prede¬ 
termined peak metal temperature tolerance range to which 
the strip should be heated within upon leaving the furnace, 
irrespective of the dimensions of the strip. 

Such furnaces can be broadly classified into those that are 
heated electrically and those that are heated by burning gas. 
The gas-fired furnaces can be subclassified into the radiant- 
tube type and the direct-fired type. Considering energy 
efficiency, running cost, initial investment and other factors, 
the gas-fired furnaces may be much more advantageous than 
the electrically-heated furnaces. 

When continuously heat-treating strips of different 
dimensions, it is a common practice to serially pass the strips 
through the furnace. Often, but not always, the strips are 
welded together before continuously feeding them through 
the furnace. The region between the strips is referred to as 
a transition. Transitions can be categorized as to changes in 
strip thickness, strip width, thermal cycle, strip speed, or any 
combination of the four previously mentioned parameters 
from one order, or coil, to the next. When transitions pass 
through the furnace system, special control techniques are 
required to change the furnace conditions due to the large 
thermal mass of the furnace system. 

Prior art furnaces have been limited in the range of 
allowable transitions. If the transition is too large, the 
furnace will produce a large amount of strip which does not 
satisfy the tolerances (usually ±20° F.) on the desired peak 
metal temperature. This out of tolerance strip is generally 
scrap product because the physical properties of this strip 
will not be to specification. 

The prior art discloses several techniques used to improve 
furnace performance for transitions. The simplest of these 
techniques is to use feedforward control to prepare the 
furnace for the incoming coil. This has typically been done 
with mathematical models which simulate the heat transfer 
between the furnace and the strip to predict optimal furnace 
conditions for the transitions. This method is helpful, but is 
still subject to the relatively sluggish response rate of a main 
fuel-fired or electrical resistance-heated furnace and the 
associated thermal mass. 

Another prior art technique is to have a type of preheat 
system that can respond relatively rapidly, such as 
convection, direct-fired, transverse flux or induction. These 
units can then be used to add heat to one of the coils in the 
transition to produce a peak metal temperature that is not 
normally possible with the conditions that exist within the 
furnace at the time of the transition. All of these units have 
been installed at the entry to the main heating section and all 
have been used, in various forms, to improve the respon¬ 
siveness of the process. 


2 

See U.S. Pat. No. 4,239,483 (lidaXinduction heaters). 
These units are generally used in conjunction with the 
previously mentioned modeling to broaden the range of 
transitions. However, the strip is still subject to the condi- 
5 tions of the furnace, resulting in the preheating section 
having a very limited impact on the peak metal temperature. 

In theory, the ideal location for such a rapidly responding 
heating device would be where the strip exits the furnace so 
that the furnace does not limit the device’s usefulness. 
1° However, this is not practical with the currently available 
technology. Most induction heaters are limited to raising the 
temperature of a strip to its Curie point, which is approxi¬ 
mately 1300° F.-1400 l> F. As the typical peak metal tem¬ 
perature is higher than the Curie point, these induction 
15 heaters are not useful at the end of the furnace. The induction 
heaters that heat metal strip higher than the Curie point are 
not practical in continuous annealing due to very small coil 
openings and/or great losses in heating efficiencies. Trans¬ 
verse flux beaters can be used at these temperature ranges, 
20 but it is not practical from a physical viewpoint. Convection 
heating in this temperature range is also impractical from a 
mechanical and maintenance viewpoint. Direct-fired heaters 
cannot be used at the higher peak metal temperatures 
because of the tendency for oxidation of the strip surface. 
25 Thus, a need exists for a way to reduce or eliminate 
out-of-specification metal strips that occur when transistions 
travel through the furnace. 

SUMMARY OF THE INVENTION 

30 

The present invention is directed toward a continuous 
strip heating system and method of operation thereof, the 
heating system having induction heaters positioned between 
a plurality heating sections of a continuous strip heating 
35 system, wherein the inclusion of the induction heaters 
allows for less strip scrap while the heating system has its 
temperature changed to accommodate changes in dimen¬ 
sions and other heating requirements of the strip. 

Accordingly, it is an object of the invention to provide a 
40 heating system and method for heating a metal strip to 
within a predetermined temperature tolerance range while 
the metal strip serially travels through a heating system. The 
heating system has at least one preceding heating section, at 
least one induction heating section, and at least one follow- 
45 ing heating section, with the heating sections being serially 
arranged. The metal strip is heated to below the Curie point 
of the metal strip in the preceding heating section. Next, the 
metal strip is heated to, at a maximum, approximately the 
Curie point in the induction heating section. Then, the metal 
50 strip is heated to above the Curie point and to within the 
predetermined temperature tolerance range in the following 
heating section. 

Other and further objects and advantages will appear 
hereinafter. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation view of the heating system com¬ 
prising an induction heating section between the preceding 

and following heating sections. 

60 ^ ^ ^ ^ 

FIG. 2 is a perspective view of a combined strip com¬ 
prising two strips of different dimensions. 

FIG. 3 is a schematic representation of the connection 
between the heating system and a programmable control 
55 means. 

FIG. 4 is a sectional view of a W-type tube heater used in 
the heating sections. 
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FIG. 5 is a flow chart of a method to heat a metal strip in 
a heating system comprising an induction heating section. 

FIG. 6 is a flow chart of a method to optimally locate an 
induction heating section in a heating system. 

FIGS. 7 through 10 are graphs of the temperatures of the 
heating system during the changing of the temperature of the 
heating system to accommodate a change in the strip’s 
dimensions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS) 

Referring to the drawings, wherein like numbers desig¬ 
nate like components, FIG. 1 illustrates heating system SO, 
or furnace, for heating a continuously moving combined 
strip 40 to wi thin a peak metal temperature tolerance range 
or some other predetermined temperature tolerance range. 
Heating system 50 is located upstream of a soaking section 
and downstream of a preheating section in a continuous steel 
strip annealing line. Other invention embodiments are useful 
in processes requiring heat treatment of a metal strip, such 
as continuous strip galvanizing lines or in continuous plate 
furnaces. The heating system 50 has a top section 86 and a 
bottom section 88 extending across a preceding heating 
section 52, an induction heating section 54, and a following 
beating section 56 arranged in series. Other embodiments of 
the invention have a plurality of preceding and/or following 
heating sections. Further embodiments embodiments of the 
invention have the healing sections 52-56 arranged verti¬ 
cally. Still further embodiments have the heating sections in 
a plurality of housings or in a single bousing. These arrange¬ 
ments enables combined strip 40 to enter the preceding 
beating section 52 at entrance 53, pass through the three 
heating sections, and exit through following heating section 
exit 57. 

The combined strip 40 travels through the heating sec¬ 
tions 52,54, and 56 in passes 60, 62, and 64 respectively. A 
pass is a space extending from either the top section 86 to the 
bottom section 88 or vice versa, through which the com¬ 
bined strip 40 passes. In the embodiment of FIG. 1, there are 
ten passes 60 in the preceding beating section 52, one pass 
62 in the induction heating section 54, and thirteen passes 64 
in the following heating section 56. While the passes in the 
embodiment of FIG. 1 are vertically oriented, other embodi¬ 
ments of the invention may have passes oriented in other 
directions, such as horizontal. Further embodiments of the 
invention may have a s ingl e horizontal pass extending from 
the entrance of the preceding heating section to the exit of 
the following heating section. In negotiating the passes, the 
combined strip 40 travels over rolls 70, tensiometer rolls 72, 
bridle rolls 74, and steering rolls 76, which are located in the 
top and bottom sections 86 and 88 . While all of the rolls 
support the combined strip 40 as it travels through the 
passes, some rolls have additional purposes. Tensiometer 
rolls 72 measure the tension in the combined strip 40 while 
bridle rolls 74 change the tension in it. Steering rolls 76 
control the direction of the combined strip 40. 

Now referring to FIG. 2, combined strip 40, comprising a 
first strip 10 and a second strip 16, has been processed in the 
heating system 50. It is understood that “strip” refers to a 
length of metal that is, but not limited to, at least one strip, 
at least one band, or at least one plate. The first strip 10 has 
a front end 12 and a tail end 14. The second strip 16 has a 
front end 18 and a tail end 20. The tail end 14 of first strip 
10 and the front end of the second strip 16 are welded 
together at a transition 22. In other embodiments of the 
invention, the first and second strips 10 and 16 may be 
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attached by any other suitable means or may be unattached. 
In embo dim ents of the invention processing unattached 
strips, the strips are at least proximate to each other, with a 
region from the tail end 14 to the first end 16 being the 
5 transition 22. Lesser portions 36 and 38 of the first and 
second strips 10 and 16, respectively, are adjacent to the 
transition 22 and are the portions of the strips that were not 
heated to within approximately the peak metal temperature 
tolerance range. This results in the lesser portions 36 and 38 
0 being out-of-specification material and, therefore, scrap. The 
remainder of first and second strips 10 and 16 are greater 
portions 32 and 34 of the strips, respectively. The greater 
portions 32 and 34 are within the peak metal temperature 
tolerance range and are inspccification material. A primary 
[S goal of the heating system 50 is to minimize the size of the 
lesser portions 36 and 38 and maximize the size of the 
greater portions 32 and 34, thus maximizing the production 
of in-specification material. 

Now referring to FIG. 3, in the preferred embodiment of 
20 the invention a programmable control mechanism 300 
directs the heating of the preceding heating section 52 and 
the following heating section 56 and the use of the induction 
heating section 54. In other embo dim ents of the invention, 
the control mech anis m may not be programmable. The 
25 programmable control mechanism 300 directs the beating 
via a programmable control system 302 that is intercon¬ 
nected with the preceding heating section 52, the induction 
beating section 54, and the following heating section 56 
through conduit 304 to direct the operations of the heating 
3 0 system 50. In other embodiments of the invention, a wireless 
tr ansmis sion system (not shown) may be used in place of or 
in conjunction with conduit 304. Instrumentation in the 
heating system 50 measures at least a portion of the variables 
(discussed below) of the combined strip 40 and of the 
35 heating system 50 and generates variable signals 310. Con¬ 
duit 304 sends the variable signals 310 from the heating 
sections to the programmable control system 302. Addi¬ 
tional variables that are not measured by the instrumentation 
are determined by a heating system operator and are manu- 
40 ally inputted into the programmable control system 302 via 
an input device 306. 

There are numerous variables that are received by the 
programmable controller 302. Some of the variables for the 
first strip are length 24, width 28, and thickness 29. Some of 
45 the variables for the second strip are length 26, width 30, and 
thickness 31. Other important variables in heating the first 
and second strips 10 and 16 include the initial temperature 
of the strips, the strips’ speed through the beating system 50, 
and the exit temperature of the strips. Instrumentation may 
50 be used to measure a portion of these variables, i.e., 
thermocouples, distance indicators, speed indicators, etc. 

The heating system also has variables which impact the 
heating of the strip, such as the temperatures in different 
locations of the first and following heating sections 52 and 
55 56. In the embodiment of FIG. 1, the first and following 
heating sections are divided into twelve combustion zones 
101-112. Other embodiments of the invention may have 
more or less combustion zones. At least a thermocouple (not 
shown) located near the middle of each zone 101-112 
60 measure the zone temperatures, generate a signal 310, and 
transmit that signal to the control system 302. The preferred 
embodiment of the invention has two or more thermo¬ 
couples in each combustion zone. Other embodiments of the 
invention may have different variables. 

65 The programmable control system 302 analyzes the vari¬ 
able signals 310 and the manually inputted variables in the 
context of a thermal model 308 to determine new operating 
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parameters for heating system 50. The thermal model 308 is 
a mathematical model that simulates the heat transfer 
between the heating system 50 and the combined strip 40 
and the results of changes in the operating conditions of the 
heating system to determine new operating parameters. 
After the analysis, the programmable control system 302 
translates the new operating parameters into operating 
parameter signals 312 that are sent to the heating system 50 
via the conduit 304 to direct the operations thereof. In other 
embodiments of the invention, the operating parameters are 
determined by a heating system operator who either 
manually, or via a control system, directs the operations of 
the heating system 50. 

The operating parameters of the heating system 50 direct 
different components of the heating system. Now referring 
to FIGS. 1 and 4, the heating components of the first and 
following heating sections 52 and 56 are gas-fired, W-type 
radiant tube heaters 80. These heaters are operated in an 
atmosphere of 0 - 100 % hydrogen with the balance being 
nitrogen or other designated prepared atmospheric gas. A 
tube heater 80 is comprised of a hollow tube 150 formed in 
the shape and orientation of a sideways “W” with a top 
member 152 and a bottom member 154. A pilot burner 156 
and a main gas inlet 158 extend into the top member, 
providing for gas 159 to enter the tube 150 and be ignited 
with a flame 160, producing combustion products 162. The 
pilot burner 156 is a premix-type pilot burner designed for 
automatic operation. The combustion products 162 travel 
through the interior of the tube 150 and out bottom member 
154 into an exhaust gases collector 164. As the burners are 
suction-type burners, exhaust fans (not shown) draw the 
combustion products 162 into the exhaust gases collector 
164. Air 166 enters the bottom member 154 through an air 
inlet 168. The air 166 is heated by the combustion products 
162 through the use of a recuperator 170 in the bottom 
member 154, thereby generating 600° F. to 800° F. wanned 
air 172 in the preferred embodiment of the invention. The 
warmed air 172 travels to the top member 152 via a vertical 
hollow member 174 extending between the top and bottom 
members. The warmed air 172 is used in combusting gas 
158. Other embodiments of the invention use other types, 
arrangements, and amounts of heaters. 

The tube beaters 80 are arranged on both sides of the 
passes 60 and 64 to heat the combined strip 40 as it travels 
therethrough. The tube beaters 80 are oriented such that the 
tubes 150 are parallel to the combined strip 40 as it travels 
through the passes. The tube heaters 80 are arranged up to 
approximately eleven tube heaters high on each side of a 
pass. The placement and control of the tube heaters 80 is 
designed around the twelve independent combustion zones 
101-112 in the first and following beating sections 52 and 
56, as shown in FIG. 1. 

The combustion products 162 may go through additional 
heal recovery steps after being collected by exhaust gases 
collector 164. In an embodiment of the invention, the 
combustion products from zones 101-112 exhaust into two 
separate exhaust systems. The first exhaust system exhausts 
zones 101-106 and the waste heat in this stream is used in 
the preheating section. The second exhaust system exhausts 
zones 107-112 and the sn aking section in to a waste heat 
recovery system. Other embodiments of the invention may 
not recuperate the waste heat in the preheating zone nor in 
a waste heat recovery system. 

The operating parameter signals 312 direct the rate of 
firing of the tube burners 80 by means of a control valve in 
the gas feed of each zone (not shown). The signals 312 also 
control a damper position to control negative pressure in 
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exhaust gases collector 164 (not shown). Further, the signals 
312 vary the speed of the exhaust fans to control the main 
suction pressure on the exhaust gases collector 164. All of 
these operations result in the control of the temperatures in 
5 the combustion zones 101-112 by the control mechanism 
300 through the direction of the signals 312. 

The operating parameter signals 312 also direct the com¬ 
ponents of the induction heating section 54, which arc 
induction beaters 82. In the preferred embo dim ent of the 
jo invention, the induction heaters 82 are solenoid induction 
heaters. In the embodiment of the invention shown in FIG. 
1, the induction heating section 54 is comprised of five 
induction heaters 82 through which combined strip 40 
passes. In other embodiments of the invention, the induction 
]5 heating section may be a single induction beater. Induction 
beaters are well known in the art and are described in U.S. 
Pat. Nos. 4,678,883 (Saitoh, et al.), 4,585,916 (Rich), 4,054, 
770 (Jackson, et al.), 3,444,346 (Russell, et al.), and 2,902, 
572 (Lackner, et al.), which are incorporated wherein in their 
20 entireties. 

In induction heater 82, the combined strip 40 passes 
longitudinally through a magnetic field, inducing electrical 
currents therein. These induced electric currents heat the 
strip 40 as a result of the electric resistance of the strip. The 
25 magnetic field is generated by electrical current moving 
through coils in the induction beaters 82 positioned around 
the combined strip 40 (not shown). The oontrol mechanism 
300, through signals 312, directs electrical current to be 
supplied to the coils of the induction heaters 82. In an 
30 embodiment of the invention, the overall length of each coil 
is approximately 36 inches, with a minimum of approxi¬ 
mately 24 inches of space between adjacent coils. The inside 
coil dimension is approximately 8 inches by approximately 
100 inches. The induction heaters 82 are cooled by a 
35 closed-loop cooling water system designed to provide a 90° 
F. liquid cooling medium. The cooling system comprises an 
evaporative type cooling tower, a cooling tower fan, a 
cooling tower circulation pump, and a pumping and delivery 
system to provide the liquid cooling medium to the induc- 
40 tion heaters 80. Other embodiments of the invention include 
different induction heaters, other configurations of induction 
heaters, and other means for cooling the induction beaters. 

Prior to the first strip 10 entering the heating system 50, 
the programmable control mech anis m 300 sends operating 
45 parameter signals 312 to the first and following heating 
sections 52 and 56 to beat the different zones in the sections 
to attain a first temperature profile. The first temperature 
profile is established by the temperatures of the combustion 
zones 101-112 at which the first strip 10 can exit the heating 
50 system 50 within a predetermined first temperature tolerance 
range. Likewise, a second temperature profile enables the 
second strip 16 to exit the heating system 50 within a second 
predetermined temperature tolerance range. The temperature 
profiles are established in the first and following heating 
55 sections 52 and 56 and not the induction beating section 54 
because first and following heating sections transfer heat to 
the strip and the heating section, which allow for tempera¬ 
ture measurements in the heating sections and, therefore, a 
temperature profile which is indicative of the heat transfer to 
60 the strip in a specific zone. As the induction heaters heat the 
strip directly, the temperature in the induction section is not 
indicative of the amount of heat transfer to the metal strip 
and docs not constitute a part of the temperature profiles 
established by the control mechanism 300. 

65 However, the programmable control mechanism 300 can¬ 
not direct the heating system 50, or more specifically the first 
and following heating section 52 and 56, to transition 
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between the two temperature profiles instantaneously. As 
long as the variables of the strips do not change appreciably, 
there is little need for the programmable control mechanism 
300 to direct the combustion zones 101-112 to make quick 
changes in the temperature profile. However, the large S 
thermal masses of the heating sections restrict the speed at 
which the programmable control mech anis m 300 can tran¬ 
sition the combustion zones between the two temperature 
profiles. The more drastic the differences in the first strip 
variables and the second strip variables, the greater the to 
difference in the two temperature profiles and the slower the 
transition. 

While the programmable control mechanism 300 is tran¬ 
sitioning the heating system 50 between the first and second 
temperature profile, some of the first strip 10 and the second 15 
strip 16 exiting the heating system are not within the 
predetermined first or second temperature tolerance range, 
respectively, thereby creating relatively large lesser portions 
36 and 38 and leading to more scrap strip material. 

However, the programmable control mechanism 300 can 20 
direct the induction heaters 82 to quickly heat the combined 
strip 40, but with much higher energy costs compared to the 
tube heaters 80. This rapid heating is useful in supplement¬ 
ing the heating of the combined strip while the program¬ 
mable control mechanism 300 is transitioning the heating 25 
system 50 between the two temperature profiles. This 
supplemental heating by the induction heating section 54 
results in reduced sizes or elimination of the lesser portions 

36 and 38 and lowered or e limin ated amounts of out-of- 

• % 30 

specification material 

When the first strip 10 requires a hotter temperature 
profile than the second strip 16, the programmable control 
mechanism 300 starts transitioning the heating system 50 to 
the cooler, second temperature profile while the first strip 10 3J 
is still passing therethrough. To compensate for the increas¬ 
ingly cooler temperature profile of the heating system 50 
and, therefore, its capability to completely heat the strip, the 
programmable control mech anis m 300 directs the induction 
heating section 54 to boost the temperature of the first strip w 
10 so that it still exits the heating system 50 within the 
predetermined first temperature tolerance range. Ideally, 
when the transition 22 passes through the heating system 50, 
the programmable control mecha nism 300 has completed 
transitioning the system between the first and second tem- 4J 
perature profile, thereby eliminating the lesser portions 36 
and 38. In practice, the lesser portions 36 and 38 may only 
be reduced. 

When the first strip 10 requires a cooler temperature 
profile than the second strip 16, the programmable control 50 
mechanism 300 starts transitioning the heating system 50 to 
the hotter, second temperature profile while the first strip 10 
is s till passing therethrough. As the transition 22 passes 
through the heating system, the programmable control 
mechanism 300 supplements the heating of the second strip 55 
16 with the induction heating section 54 until the second 
temperature profile is attained. This will reduce or eliminate 
out-ofspecification material, resulting in a min imiza tion or 
an elimination of the lesser portions 36 and 38 of the first and 
second strips 10 and 16. 60 

The induction heating section 54 is limited to raising the 
temperature of the combined strip to the metal's Curie point, 
which is approximately 1300° F. to 1400“ F. for steel. 
However, the combined strip 40 requires a peak metal 
temperature of higher than the Curie point upon exiting the 65 
following heating section 56. Referring to FIG. 5, therefore, 
an aspect of the invention involves heating a metal strip to 
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within a predetermined temperature tolerance range. The 
metal strip is serially traveling through a heating system 50 
along a path 41 through at least one preceding heating 
section 52, at least one induction heating section 54, and at 
least one following heating section 56, with the heating 
sections being serially arranged as shown in FIG. 1. 
Typically, the length of the path 41 through the preceding 
heating section 52 is between approximately 40% to 50% of 
the length of the path through the entire heating system 50. 
In the first step 401, the metal strip is heated to below the 
Curie point in the preceding beating section. In the next step 
402, the metal strip is heated to a maximum of approxi¬ 
mately the Curie point in the induction beating section. In 
the following step 403, the metal strip is heated to above the 
Curie point in the following heating section. In the preferred 
embodiment of the invention, the metal strip is heated to 
approximately the Curie point in the induction heating 
section in step 402. As stated previously, the heating system 
may be located downstream of a preheating section and 
upstream of a soaking section in a continuous strip annealing 
line, in a continuous strip galvanizing line, or be in another 
process. 

Another aspect of the invention is optimally locating the 
induction heating section 54 within heating system 50 to 
have a flexible and efficient heating system 50. The induc¬ 
tion heating section’s location is dictated by where being 
able to rapidly raise the combined strip temperature to the 
Curie point would be most efficient in continually producing 
combined strip 40 wi thin the peak metal temperature toler¬ 
ance range and, therefore, minimizin g the size of the lesser 
portions 36 and 38 of the combined strip 40. 

Referring now to FIG. 6 , the determination of the location 
of the induction heating section is based on a design metal 
strip serially traveling at a design speed through the serially 
arranged heating sections in a pre-inductionheating-section 
heating system (not shown) is performed as follows. The 
first step 501 is to determine a plurality of design strip 
temperatures at a plurality of pre-induction-heating-section 
heating system locations, respectively. This determination 
may be accomplished in any suitable manner, including 
taking strip temperature measurements in the actual, or a 
similar, system or calculating theoretical temperatures for 
each location based on a mathematical model of the system. 
The next step 402 is to determine a maximum design metal 
strip temperature increase attainable by the design metal 
strip traveling through the induction beating section at the 
design speed. The following step 503 is to subtract the 
maximum design metal strip temperature increase from the 
Curie point of the design metal strip, thereby defining an 
optimum design metal strip entry temperature. The succeed¬ 
ing step 504 is to determine a specific system location that 
has a corresponding strip temperature approximately equal 
to the optimum design metal strip entry temperature, thereby 
identifying an optimum design metal strip entry location of 
the induction heating section. The next step 505 is to insert 
the induction heating section between two adjacent beating 
sections and proximate to the optimum design metal strip 
entry location. The induction heating section may be 
inserted either before or after the optimum design metal strip 
entry location, depending on how the heating sections may 
be separated to accommodate the induction heating section. 
Preferably, the sections upstream of the induction heating 
section, also known as the preceding heating sections, 
comprise approximately 40% to 50% of the heating system. 

In the preferred embodiment of the invention the preced¬ 
ing heating section 52 comprises approximately 40% to 
approximately 50% of the heating system 50, and is fol- 
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lowed by the induction heating section 54 and the following 
heating section 56. 

EXAMPLE 

The first strip 10 is a steel strip of 0.047" thickness and 
60" width. 'The second strip 16 is of 0.030" thickness and 60" 
width. Both of these strips have a peak metal temperature 
tolerance range of 1550° F. ±20° F. for the strips to be 
in-specification. However, first strip 10 requires more heat 
input to raise its temperature to 1550° F. than second strip 16 
due to its greater mass per length. 

Now referring to FIG. 7, a graph 200 depicts a steady state 
heating condition of heating system 50 with the first strip 10 
passing through it. On the horizontal axis 208, the percent of 
the length of the beating system is marked off, while the 
vertical axis 209 marks off temperature. The graph 200 has 
a first strip temperature curve 202 of the fust strip 10, an 
ideal temperature curve 204, and a heating system tempera¬ 
ture curve 206. The first strip temperature curve 202 is a plot 
of the actual temperature of the first strip at a plurality of 
locations in the heating system. The ideal temperature curve 
204 is a plot of the ideal temperatures of first strip at a 
plurality of locations in the heating system. The beating 
system temperature curve 206 is a plot of the temperatures 
of the heating system at a plurality of locations in the beating 
system. 

The heating system temperature curve 206 is 1480° F. at 
the entrance of the heating system and 1680° F. at the exit. 
The first strip and ideal temperature curves 202 and 204 are 
nearly superimposed, with an initial temperature of 350° F. 
and a peak metal temperature of 1550° F. Note that there is 
a flat portion 203 of the curves 202 and 204 near the middle 
of the heating system. The flat portion 203 corresponds to a 
specific location of the induction heating section 54 in the 
heating system which is approximately 40% of the way 
through the heating system. All the location preceding the 
induction heating section are in the preceding heating sec¬ 
tion 52 and all locations following the induction the induc¬ 
tion heating section are in the following heating sections 56. 
As the induction heating section is not in use, there is no 
temperature change for either the actual strip or the ideal 
strip at the flat portion 203. 

The heating system temperature curve 206 is similar to 
the first temperature profile. However, the heating system 
temperature curve 206 depicts the heating system tempera¬ 
tures at different locations in the beating system. The first 
temperature profile is distinguishable from curve 206 in that 
the profile is the temperatures of the heating zones 101-112 
in the heating system 50 that enable the first strip 10 to be 
heated to within the predetermined first temperature toler¬ 
ance range. 

Now referring to FIG. 8, a graph 210 depicts the heating 
system 50 as the programmable control mechanism 300 
starts to transition the temperature profile in anticipation of 
the second strip 16. Graph 210 has a first strip temperature 
curve 212, an ideal temperature curve 204, a heating system 
temperature curve 216, and the same axes 208 and 209 as 
graph 200 in FIG. 5, which are analogous to the curves in the 
graph 200. 

The second strip 16, being significantly thinner, requires 
lower temperatures in preceding and following heating 
sections 52 and 56 to attain a peak metal temperature in the 
range of 1550° F. Therefore, those heating sections are 
starting to cool down, as shown by the system heating 
temperature curve 216 being only 1400° F. at the entrance 
and only 1620° F. at the exit. However, as strip 10 is still 
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passing through, the induction heating section 54 is turned 
on, raising the first strip temperature curve 212 from 1150° 
F. to 1300° F. at shown at a portion 213 of the curve. Using 
the induction heating section 54 allows the exiting tempera- 
5 ture of the first strip 10 to be an inspecification 1540° F. 

Now referring to FIG. 9, graph 220 depicts the heating 
system 50 after transition 22 passes through the heating 
system 50 but before the beating system reaches steady stale. 
Graph 220 has a second strip temperature curve 222, and 
10 ideal temperature curve 204, a heating system temperature 
curve 216, and the axes 208 and 209, which are analogous 
to the curves in the graphs 200 and 210. 

Being thinner, the second strip temperature 222 rises 
quickly from 200° F. to 1200° F. in the first approximately 
15 40% of the heating system. Since the induction heaters 80 
are turned off, the second strip temperature curve 222 is flat 
at a portion 223, which corresponds to the induction heating 
section 54. The curve 222 continues to climb to an exit 
temperature of 1570° F., which is within specification. In 
20 this example, the size of the lesser portions 36 and 38 were 
essentially e limin ated. In other transitions, the sizes of the 
lesser portions only be reduced. 

Now referring to FIG. 10, graph 230 depicts a heating 
system 50 at a steady state with the second strip 16 passing 
25 through it. Graph 230 has a second strip temperature curve 
232, an ideal temperature curve 204, a heating system 
temperature curve 236, and the axes 208 and 209, which are 
analogous to the curves in the graphs 200, 210, 220. 

^ The heating system temperature curve 236 is lower than 
the curves 206 and 216 as the second strip 16 requires less 
heat input than the first strip 10 due to its relative t hinn ess. 
The temperature of the curve 236 is 1280° F. at the entrance 
to the heating system, compared to 1480° F. for the curve 
3J 206. Likewise, the temperature of the curve 236 is 1600° F. 
at the exit of the heating system, compared to 1680° F. for 
the curve 206. Since the induction heaters 80 are turned off, 
the second strip temperature curve 232 is flat at a portion 233 
which corresponds with the location of the induction heating 
^ section 54. 

The heating system temperature curve 236 is s imil ar to 
the second temperature profile. However, the heating system 
temperature curve 236 depicts the heating system tempera¬ 
tures different locations in the heating system. The second 
45 temperature profile is distinguishable from the curve 236 in 
that the profile is the temperatures of the beating zones 
101-112 in the heating system 50 that enable the second 
strip 16 to be heated to within the predetermined second 
temperature tolerance range. 

50 Therefore, by placing the induction heating section 54 
between the first and following heating sections 52 and 56 
of a heating system 50, a greater percentage of the combined 
strip 40 exits the heating system 50 within the peak metal 
temperature tolerance range, thereby minimizing the lesser 
55 portions 36 and 38 of the combined strip. Other embodi¬ 
ments of the invention may heat a strip of more than two 
strips. 

The present invention may be embodied in other specific 
forms without departing from the spirit or essential attributes 
60 thereof and, accordingly, reference should be made to the 
appended claims, rather than to the foregoing specification, 
as indicating the scope of the invention. 

We claim: 

1. A method of heating a metal strip to within a prede- 
65 termined temperature tolerance range while the metal strip 
serially travels through a path in a heating system, the 
method comprising the steps of: 
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providing a heating system comprising at least one pre¬ 
ceding heating section, at least one induction hcatiDg 
section, and at least one following heating section 
which are serially arranged, 

locating the heating system downstream of a preheating 
section and upstream of a soaking section in a continu¬ 
ous strip annealing line, in a continuous strip galvaniz¬ 
ing line, or in a continuous plate furnace; 

heating the metal strip to below the Curie point in the 
preceding heating section; 

beating the metal strip to a maximum of approximately 
the Curie point; and 

heating the metal strip to above the Curie point. 

2. The method of claim 1, wherein the path has a length 
and a portion that extends through the preceding heating 
section, the portion having a length of approximately 40% to 
50% of the length of the path. 

3. A method of optimally locating an induction heating 
section in a pre-induction-heating-section heating system 
comprised of a plurality of serially arranged heating sections 
for heating a design metal strip serially traveling at a design 
speed therethrough along a path, comprising the steps of: 

a) determining a plurality of strip temperatures at a 
plurality of system locations in the pre-induction¬ 
heating-section heating system, respectively; 

b) determining a maximum design metal strip temperature 
increase attainable by the design metal strip traveling 
through the induction beating section at the design 
speed; 

c) subtracting the maximum design metal strip tempera¬ 
ture increase horn a Curie point of the design metal 
strip, thereby defining an optimum design metal strip 
entry temperature; 

d) determining a specific system location that has a 
corresponding strip temperature approximately equal to 
the optimum desigD metal strip entry temperature, 
thereby identifying an optimum design metal strip entry 
location; and 

e) inserting the induction heating section between two 
adj acent heating sections and proximate to the optimum 
design metal strip entry location. 

4. The method of claim 3, further comprising the step of 
inserting the induction heating section before or after the 
optimum design metal strip entry location. 

5. The method of claim 3, further comprising the step of 
inserting the induction heating section after one or more 
preceding heating sections of the heating system, wherein 
the path has a length and a portion that extends through the 
preceding heating section, the portion having a length of 
approximately 40% to 50% of the length of the path after 
inse rting the induction heating section therein. 

6. A method of beating a first and a second metal strip to 
within a predetermined first and second temperature toler¬ 
ance range, respectively, each metal strip having a beginning 
portion, an ending portion, a front edge and a tail edge, the 
tail edge of the first metal strip being at least proximate to 
the front edge of the second metal strip, comprising the steps 
of: 

a) providing a heating system comprising at least one 
preceding heating section, an induction heating section, 
and at least one following heating section serially 
arranged; 

b) serially passing the first and second metal strips 
through the heating system; 

c) while the beginning portion of the first metal strip is 
passing through the heating system, heating the pre- 
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ceding and following heating sections to a first tem¬ 
perature profile; 

d) while the first metal strip ending portion and the second 
metal strip beginning portion are passing through the 

5 heating system, transitioning the heating of the preced¬ 
ing and following heating sections to attain a second 
temperature profile therein, including supplementing 
the heating of first metal strip ending portion and/or the 
second metal strip beginning portion with the induction 

10 heating section; and 

e) while the ending portion of the second metal strip is 
passing through the heating system, heating the pre¬ 
ceding and following heating sections to the second 
temperature profile. 

7. The method of claim 6, wherein the the tail edge of the 
first metal strip being attached to the front edge of the second 
metal strip. 

8. The method of claim 7, further comprising the steps of: 

a) inputting first metal strip variables, second metal strip 
variables, and heating system variables into a control 

20 system; and 

b) directing the operation of the preceding heating 
section, the induction heating section, and following 
beating section based on the predetermined first and 
second temperatures, a thermal model, the first metal 

25 strip variables, the second metal strip variables, and the 
heating system variables with the control system. 

9. The method of claim 8, wherein the directing and/or the 
inputting steps are at least partially performed by a heating 
system operator. 

30 10. The method of claim 8, wherein: 

a) the first metal strip variables comprise length, width, 
thickness, strip speed through the healing system, ini¬ 
tial strip temperature and final strip temperature; 

b) the second metal strip variables comprise length, width, 

35 thickness, strip speed through the heating system, ini¬ 
tial strip temperature and final strip temperature; and 

c) the heating system variables comprise an actual tem¬ 
perature profile of the preceding and following heating 
sections. 

40 11. The method of claim 10, wherein the inputting step 

further comprises the steps of: 

a) measuring at least a portion of the first metal strip 
variables, at least a portion of the second metal strip 

^ variables, and at least a portion of the beating system 
variables with instrumentation; 

b) generating variable signals therefrom; and 

c) transmitting the variable signals to the control system. 

12. The method of claim 9, wherein the serially passing 

so step further comprises passing the first and second metal 

strips serially through; 

a) a plurality of heaters arranged in passes in the preced¬ 
ing heating section; 

b) at least an induction heater arranged in at least a pass; 

55 and 

c) a plurality of heaters arranged in passes in the following 
heating section. 

13. The method of claim 12, wherein the passes are 
vertically or horizontally oriented. 

60 14. The method of claim 12, wherein the heaters of the 

preceding and following beating sections are gas-fired 
W-type radiant tubes. 

15. The method of claim 7, further comprising the step of 
passing the first and second metal strips through a soaking 

65 section of a continuous strip annealing line after serially 
passing the first and second metal strips through the heating 
system step. 
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16. A heating system for heating a first and a second metal 
strip to within a predetermined first and second temperature 
tolerance range, respectively, each metal strip having a 
beginning portion, an ending portion, a front edge and a tail 
edge, the tail edge of the first metal strip being at least 5 
proximate to the front edge of the second metal strip, 
comprising: 

a) at least one preceding heating section; 

b) an induction heating section; 

c) at least one following heating section, wherein the 
heating sections are serially arranged to enable the first 
and second metal strips to serially pass therethrough; 
and 

d) a metal strip temperature control mechanism connected 15 
to the first, induction, and following heating sections 
for: 

(i) att ainin g a first temperature profile in the preceding 
and following heating sections; 

(ii) attaining a second temperature profile in the pre- 2 o 
ceding and following heating sections; and 

(iii) supplementally heating the first metal strip ending 
portion and/or the second metal strip beginning 
portion in the induction heating section while tran¬ 
sitioning the preceding and following heating sec- 25 
tions between the first and second temperature pro¬ 
files. 

17. The heating system of claim 16, wherein the the tail 
edge of the first metal strip being attached to the front edge 

of the second metal strip. 30 

18. The heating system of cl aim 17, wherein the metal 
strip temperature control mechanism comprises: 

a) inputting means for inputting first metal strip variables, 

second metal strip variables, and heating system vari¬ 
ables into a control system; and 35 

b) a thermal model; wherein, the control system directs 

the operation of the heating sections based on the 
predetermined first and second temperatures, the ther¬ 
mal model, first metal strip variables, second metal 
strip variables, and heating system variables. 40 

19. The heating system of claim 18, wherein: 

a) the first metal strip variables comprise length, width, 
thickness, strip speed through the heating system, ini¬ 
tial strip temperature and final strip temperature of the 
first metal strip; 


b) the second metal strip variables comprise length, width, 
thickness, strip speed through the heating system, ini¬ 
tial strip temperature and final strip temperature of the 
second metal strip; and 

c) the heating system variables comprise an actual tem¬ 
perature profile of the preceding and following heating 
sections. 

20. The heating system of claim 19, wherein: 

a) the preceding and following heating sections comprise 
a plurality of beaters arranged in passes; 

b) the induction heating section comprises at least an 
induction heater arranged in at least a pass; and 

c) the heating section passes are serially arranged to 
enable the first and second metal strips to pass serially 
therethrough. 

21. The heating system of claim 20, wherein the passes 
are vertically or horizontally oriented. 

22. The system of claim 21, wherein the heaters of the 
preceding and following heating sections are gas-fired, 
W-type radiant tubes. 

23. The heating system of claim 22, wherein: 

a) the inputting means comprises instrumentation for 
measuring at least a portion of the first metal strip 
variables, at least a portion of the second metal strip 
variables, and at least a portion of the heating system 
variables, generating variable signals therefrom, and 
sending the variable signals to the control system; and 

b) the control system comprises means for receiving the 
variable signals. 

24. The heating system of claim 18, wherein the control 
system is programmable. 

25. The heating system of claim 17, wherein the heating 
system is located: 

a) downstream of a preheating section and upstream of a 
soaking section in a continuous strip annealing line; 

b) in a continuous strip galvanizing line; or 

c) in a continuous plate furnace. 

26. The heating system of claim 17, wherein the metal 
strip temperature control mechanism is at least partially 
controllable by a heating system operator. 


* * * * * 
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Brief Summary Text - BSTX (18): 

In accordance with a concomitant feature of the 
invention, there is provided 
a temperature-profile measuring device for 
recording a temperature profile of 
the flat material after inductive cross-field 
heating has taken place, and a 

position controller receiving the temperature 
profile from the measuring 

device, receiving a predetermined desired profile 
and controlling the drive 

devices for adjusting the position of the induction 
loops independently of 

deviations between the recorded temperature profile 
and the predetermined 
desired profile. 


Detailed Description Text - DETX (14): 

The drive devices 25, 31 of the induction 
modules C, D and drive devices 41, 

42 of the induction modules E, F may be electrical 
or hydraulic, for example, 

and are shown diagrammatically. It is essential 
that the induction modules 
always be used in pairs in an induction 
installation and, inter alia, depending 


11/11/2003, EAST Version: 1.4.1 





on the temperature to be achieved in the flat 
material and on the run-through 

speed of the flat material, either only one pair of 
induction modules can be 

provided or a plurality of pairs of induction 
modules can be used. A 

temperature profile T of the flat material 1 heated 
by the induction modules is 
recorded by means of a temperature-profile 
measuring device 43 and is fed to a 
position controller 44. If the recorded 
temperature profile T differs from a 
predetermined desired profile Tdes, that is to say 
if the temperature is 

non-uniform perpendicularly to the direction of 
movement y of the flat 

material, then during operation, the position 
controller 44 transmits 

corresponding control signals SI, S2, S3, S4 to the 
drive devices 25, 31, 41, 

42 of the induction modules C, D, E, F, with the 
result that a change in the 

fine positioning of the individual induction loops 
of the modules takes place 

with the aim of making the temperature profile 

uniform over the width of the 

flat material. For this reason, the control 

signals SI to S4 are fed not only 

to the driving devices for the upper induction 

loops, but of course they are 

fed in the same way to the drive devices for the 
lower induction loops (such as 

the drive devices 26, 32 according to FIGS. 4 and 
5) . 


Claims Text - CLTX (13): 

9. The apparatus according to claim 8, 
including a temperature-profile 
measuring device for recording a temperature 
profile of the flat material after 
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ABSTRACT 


material includes a plurality of mutually opposite induc¬ 
tion loops being disposed above and below the flat ma¬ 
terial. At least one pair of induction modules is formed 
of two induction modules being adjustable indepen¬ 
dently of one another in their position relative to the flat 
materiaL induction module has two mutually op¬ 
posite U-shaped induction loops having geometries and 
dimensions which are invariable, base legs which can be 
positioned in such a way that they te rminat e at least a 
predeterminable distance in front of one edge of the flat 
and within the width of the flat material, and 
two side legs which can be positioned in such a way that 
they project at least a predeterminable distance beyond 
the other edge of the flat materiaL The induction loops 
of the two induction modules of a pair of induction 
modules are open towards oppositely directed sides, 
with the result that the side legs of only one induction 
loon project beyond each edge of the flat material. 


10 Oaims, 2 Drawing Sheets 
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APPARATUS FOR THE INDUCTIVE 

CROSS-FIELD HEATING OF FLAT MATERIAL 

BACKGROUND OF THE INVENTION 5 
FIELD OF THE INVENTION 

The invention relates to an apparatus For the induc¬ 
tive cross-field heating of fiat material, including a plu¬ 
rality of mutually opposite induction loops being dis- 10 
posed above and below the flat material, some of the 
induction loops projecting beyond the edges of the fiat 
material, and others of the induction loops terminating 
within the width of the flat material. 

Such an ap p ar at us for the inductive cross-field heat- 15 
mg of flat materia] is known from Published European 
Application No. 0 246 660. There, an overall configura¬ 
tion being formed of mam coils and auxiliary coils is 
proposed. The mam coils are disposed perpe ndicul a r ly 
to the direction of movement of die flat material and ^ 
project beyond the two outer edges of the flat mat e ri a l . 
The auxiliary coils extend parallel to fire direction of 
movement of the flat material and are disposed in the 
vicinity of the edges of the flat material, but without 
projecting beyond them. The combination of main and ^ 
auxiliar y coils achieves a uniform temperature profile 
over the entire width of the flat material The mam coils 
in particular heat the middle region and the two imme¬ 
diate edge regions of the flat material hot zones of 
lower temperat ur e occur in the vicinity of the edges and 
parallel to them. The zones in die vicinity of the edges 
arc reheated by the auxiliary coils, so that the necessary 
uniform temperature distribution is established over the 
entire width of the flat material. 

Since the main coils and in particular also the auxil¬ 
iary coils have to be matched to the width of the flat 
material to be heated, mechanical devices must be pro¬ 
vided for adjusting die coil width. The auxiliary coils in 
particular must be capable of being matched exactly to 
the width of the flat material, in order to reheat the 
zones of lower temperatures in the vicinity of the edges 40 
and parallel thereto in the desired way. Tim matching of 
the mam and auxiliar y cods to the width of the flat 
material is complicated and labor-intensive. If a non- 
uniform and unsatisfac tory te mp er a ture profile is mea¬ 
sured over the: width of the flat material during die 43 
cross-field heating , no readjustment is possible during 
operation. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide ® 
an apparatus for the inductive cross-field heating of flat 
material which overcomes the heremafore-mentioned 
disad vantages of the heretofore-known devices of this 
general type, which can be used universally for flat 
material of differing width and which allows a rapid 33 
matching to the desired width of flat material and to the 
heating capacity required. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an appara¬ 
tus for the inductive cross-field beating of flat material, 60 
co m prising at least one pair of induction modules being 
adjustable in position independently of one another 
relative to a flat material to be beated, the flat material 
having edges defining a width; each of the induction 
modules including two mutually opposite U-s h a p ed 63 
induction loops having invariable geometries and di¬ 
mensions and being disposed above and below die flat 
materi al, the induction loops having base legs to be 
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positioned for terminating at least at a predeterminable 
distance in front of one of the edges of the flat material 
and within the width of the flat material, and the induc¬ 
tion loops having two side legs to be positioned for 
projecting at least at a predeterminable distance beyond 
the other of the edges of the flat material; and the induc¬ 
tion loops of the pair of the induction modules being 
open towards oppositely directed sides with the side 
legs of the induction loops each projecting beyond a 
respective one of the edges of the flat materiaL 

The advantages which can be afforded by the inven¬ 
tion are, in particular, that the apparatus for the induc¬ 
tive cross-field heating of flat material can be matched 
in a very flexible way to different parameters of the flat 
material and of the induction process, such as the width, 
thickness, entry temperature and run-through speed of 
the flat material. The induction modules arc all con¬ 
structed identically and are dimensioned in such a way 
that a respective induction module can be pushed in 
between two support rollers serving to support the flat 
mater ial. Matching to the width of the flat material is 
carried out by displacing the modules perp end icu l a r ly 
to the direction of run-through movement of the flat 
materi al, in such a way that the base legs of the induc¬ 
tion loops are disposed above the zones in the vicinity of 
the edges of the flat material, at which too low a tem¬ 
perature would occur if heating took place solely by 
means of the side legs projecting beyond the edges of 
the flat material. The geometrical configuration of the 
induction loops of the modules does not have to be 
varied for this purpose. Advantageously, all of the in¬ 
duction modules reach over the flat material from only 
one side, so that a feed of the flat material into the appa¬ 
ratus for inductive cross-field heating and extraction 
therefrom are possible in a very ample way. The me¬ 
chanical mounting of the structural components carry¬ 
ing the induction loops and the electrical energy supply 
of the induction loops take place from one side. The 
identical construction of the induction modules results 
in price benefits in production and in benefits with re¬ 
gard to the maintenance of stock of replacement parts. 
Only one type of induction module need be pl a nne d, 
produced and kept in stock for different uses. 

The number of pairs of induction modules used in an 
installation for the inductive heating of flat material 
depends on the thickness, width, entry temperature and 
run-through speed of the flat material and on the tem¬ 
perature to be achieved in the flat materiaL 

Furthermore, the advantages which can be afforded 
by the apparatus for the inductive cross-field heating of 
flat material are that the positions of the induction loops 
can be varied independently of one another during op¬ 
eration for optimization purposes, with the effect of fine 
adjustment, in order to obtain as uniform a temperature 
profile as possible over the width of the flat m a t e ri a l . 

In accordance with another feature of the invention, 
ypob of the induction modules has a framework with an 
upper supporting arm and a lower supporting arm for 
mounting the two induction loops. 

In accordance with a further feature of the invention, 
there are provided lamination bundles each being asso¬ 
ciated with a respective one of the induction loops for 
mounting the induction loops on the frameworks. 

In accordance with an added feature of the invention, 
there are provided means associated with the frame¬ 
works for varying the position of the induction loops 
relative to the flat material. 
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In accordance with an additional feature of the inven¬ 
tion, the induction loops are adjustable relative to the 
supporting arms. 

In accordance with yet another feature of the inven¬ 
tion, there are provided lamination-bundle suspensions 
on the supporting arms serving as guide means for ad¬ 
justing the induction loops. 

In accordance with yet a further feature of the inven¬ 
tion, there are provided drive devices for adjusting the 
induction loops. 

In accordance with a concomitant feature of the in¬ 
vention, there is provided a temperature-profile measur¬ 
ing device for recording a temperature profile of the fiat 
material after inductive cross-field heating has taken 


However, the side legs 3, 4 project beyond a second 
edge 7 of the flat material 1 at least by a predetermined 
projecting length d, that is to say the actual projection 
can exceed this length d, but under no circumstances 
5 can it fall short of it 

The upper induction loop 8 of a second induction 
module, which is located at a distance from the upper 
induction loop 2 of the first induction module, is like¬ 
wise formed of two parallel side legs 9 and 10 being 
10 directed perpendicularly to the direction of movement 
y of the flat material 1 and having the pole distance a, 
and a base leg 11 connecting the two side legs 9,10 at 
right angles. At the same time, the base leg 11 is located 
above the flat material 1 and at the distant c from the 


place, and a position controller receiving the tempera- 15 
ture profile from the measuring device, receiving a 
predetermined desired profile and controlling the drive 
devices for adjusting the position of the induction loops 
independently of deviations between the recorded tem¬ 
perature profile and the predetermined desired profile. 20 
Other features which are considered as ch a ract e ri s tic 
for the invention are set forth in the appended claim* 
Although the invention is illustrated and described 
herein as embodied in an apparatus for the inductive 
cross-field heating of flat material, it is nevertheless not 25 
intended to be limited to the details shown, since vari¬ 
ous modifications and structural changes may be made 
therein without departing from the spirit of the inven¬ 
tion and within the scope and range of equivalents of 
the claims 30 

The construction and method of operation of the 
invention, however, together with additional objects 
and advantages thereof will be best understood from the 
following description of specific embodiments when 
read in connection with the accompanying drawings. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, diagrammatic, top-plan view 
of a flat material with two induction loops; 

FIGS. 2 and 3 are longhudinal-sectiona] views re- 40 
spectively taken along section lines A and B of the 
configuration according to FIG. 1; 

FIGS. 4 and 5 are longitudinal-sectional views 
through in duction modules; 

FIG. 6 is a fragmentary, top-plan view of a flat mate- 45 
rial with two induction modules; and 
FIG. 7 is a fragmentary, top-plan view of a basic 
regulating device for the induction modules. 

DESCRIPTION OF THE PREFERRED „ 

EMBODIMENTS X 


second edge 7 of the flat material, without projecting 
beyond the second edge 7 itself However, the side legs 
9,10 project beyond the first edge 6 of the flat material 
at least by the projecting length d. 

As can be seen, each induction loop projects beyond 
only one edge of the flat material 1. The side legs 3; 4 
heat the middle region of the flat material 1 and its edge 
7. The side legs 9,10 heat the edge 6 of the flat material 
and likewise the middle region. The base leg 5 serves for 
heating the zone in the vicinity of and parallel to the 
edge 6. The base leg 11 heats the zone in the vicinity of 
and parallel to the edge 7. 

FIGS. 2 and 3 show sections through the configura¬ 
tion according to FIG. 1. The configuration according 
to FIG. 2 is a section taken along the line A according 
to FIG. 1, and the configuration according to FIG. 3 is 
a section taken along the line B according to FIG. 1. 

The flat material 1 with its two edges 6,7 «in be seen 
in the two FIGS. 2 and 3. Furthermore, FIG. 2 illus¬ 
trates the side leg 3, the base leg 5 and a lamination 
bundle 17 of the upper induction loop 2 of the first 
induction module. located underneath the upper induc¬ 
tion loop 2 is an identically constructed lower induction 
loop, of which a first side leg 13, a base leg 14 and a 
lamination bundle 18 can be seen. The distances a, c, d 
defined for the upper induction loop 2 also apply to the 
lower induction loop. 

FIG. 3 illustrates the side leg 9, the base leg 11 and 
the lamination bundle 19 of the upper induction loop 8 
of the second induction module. Below this upper in¬ 
duction loop is located an identically constructed lower 
induction loop, of which a first side leg 15, a base leg 16 
and a lamination bundle 20 can be seen. The distances a, 
c, d d efin ed for the upper induction loop 8 »lm apply to 
the lower induction loop. The induction loops are pref¬ 
erably fixedly connected to the associated lamination 
bundles. 


Referring now to the figures of the drawing in detail 
and first, particularly, to FIG. 1 thereof, there is seen a 
top view of a flat material having two induction loops 
(with laminati on bundles removed). FIG. 1 illustrates a 55 
flat material 1 to be heated, prefe r ably a strip of a mate¬ 
rial which can be influenced inductively, and above 
which two upper induction loops 2, 8, each having an 
invariable geometrical shape, are disposed. The upper 
induction loop 2 of a first induction module is formed of 60 
two parallel side legs 3 and 4 being directed perpendicu¬ 
larly to a direction of movement y of the flat material 1 
and having a pole distance a, and a base leg 5 connect¬ 
ing the two side kgs at right angles. It is essential that 
the base leg 5 be located above the flat material at a 65 
predetermined distance c from a first edge 6 of the flat 
material 1. In other words, under no circumstances does 
the base leg 5 project beyond the flat material itself. 


FIGS. 4 and 5 show sections through two induction 
modules. An induction module C shown in FIG. 4 has 
the induction loops described in detail above with re¬ 
gard to FIGS. 1 and 2, together with the lamination 
bundles 17,18. An induction module D shown in FIG. 
5 has the induction loops described in particular above 
with regard to FIGS. 1 and 3, together with the lamina¬ 
tion bundles 19,20. Each induction module is formed of 
a framework with respective upper and lower support¬ 
ing arms for fastening the induction-loop/lamination- 
bundle configurations. The positioning of the induction 
modules relative to the flat material 1 in a directum x 
perpendicular to the direction of movement y of the flat 
material is made possible in a simple way. In order to 
provide approximate positioning, the frameworks of the 
induction modules are provided, for example, with 
lockable rollers, as a result of which the position setting 
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of the induction loops in relation to the flat material can 
talc* place doe to the displacement of the in dnotion 
modules themselves. In order to provide fine position¬ 
ing, drive devices are provided on the upper and lower 
supporting arms of the frameworks for allowing a con¬ 
tinuous adjustment of the lamination bundles and there¬ 
fore of the induction loops in relation to the flat mate¬ 
rial, with the position of the induction modules relative 
to the flat material remaining unchanged and only a 
variation in position between the supporting arms and 
the laminatio n bundles/induction loops taking (dace. 

In particular, the induction module C according to 
FIG. 4 has a framework 21 with an upper supporting 
arm 22, a lower supporting arm 23 and rollers 24 for 
approximate positioning. A drive device 25 fastened to 
the upper supporting arm 22 serves for the fine position¬ 
ing of the lamination bundle 17 and therefore of the 
upper induction loop. A drive device 26 f a s tened to the 
lower s up po r ti n g arm 23 serves for the fine positioning 
of the l arm-nat ion b undle 18 and therefore of the lower 
induction loop. 

It is evident from FIG. 5 that the induction module D 
has a framework 27 with an upper supporting arm 28, a 
lower supporting arm 29 and rollers 30 for approximate 
positi oning . A drive device 31 fastened to the upper 
supporting arm 28 serves for the fine positioning of the 
lamination bundle 19 and therefore of the tipper induc¬ 
tion loop. A drive device 32 fa s t en e d to the lower sup¬ 
porting arm 29 serves for the fine positioning of die 
laminatio n bundle 20 and therefore of the lower induc¬ 
tion loop. 

FIG. 6 shows a top view of a flat material to be 
heated, together with two induction modules. The in¬ 
duction module C with the framework 21, the upper 
supporting arm 22 and the drive device 25 as weU as the 
induction module D with the framework 27, the upper 
supporting arm 28 and the drive device 31 can be seen. 
In order to fasten the lamination bundles 17 and 19 to 
the supportin g arms 22 and 28, the lamination bu ndles 
17 and 19 are provided with respective lamination-bun¬ 
dle suspensions. 33 and 34 which are mounted movaHy 
in corresponding suspension devices of the supporting 
arms and into which the drive devices 25 and 31 engage 
force-tockmgly. A forcedocking connection is one 
which connects two elements together by force external 
to the element s, as opposed to a form-locking connec¬ 
tion which is provided by die shapes of the elements 
themselves. 

As can be seen, each of the induction modules C, D is 
located between two respective support rollers 35, 36 
and 36,37 which are provided for holding the flat mate¬ 
rial 1, so that the distance b between the induction loops 
of the two adjacent induction modules is predetermined 
by the distance between these support rollers. The two 
induction modules C, D form a first pair of i n d uct io n 
modules 12. 
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F may be electrical or hydraulic, for example, and are 
shown di«gr ammati cally. It is essential that the induc¬ 
tion modules always be used in pairs in an induction 
installation and, inter alia, depending on the tempera- 
S ture to be achieved in the flat material and on the run- 
through speed of the flat material, either only one pair 
of induction modules can be provided or a plurality of 
pairs of induction modules can be used. A temperature 
profile T of the flat material 1 heated by the induction 
10 modules is recorded by of a temperature-profile 

measuring device 43 and is fed to a position controller 
44. If the recorded temperature profile T differs from a 
predetermined desired profile Tdes, that is to say if the 
temperature is non-uniform perpendicularly to the di- 
15 rection of movement y of the flat material, then during 
operation, the position controller 44 transmits corre¬ 
sponding control signals SI, S2, S3, S4 to the drive 
devices 25,31,41,42 of the induction modules C, D, E, 
F, with the result that a change in the fine positioning of 
20 the individual induction loops of the modules takes 
place with the aim of making the temperature profile 
uniform over the width of the flat material For this 
reason, the control signals SI to S4 are fed not only to 
the driving devices for the upper induction loops, but of 
25 course they are fed in the same way to the drive devices 
for the lower induction loops (such as the drive devices 
26, 32 according to FIGS. 4 mid 5). 

We claim: 

1. An apparatus for the inductive cross-field heating 
30 of flat material, comprising: 

at least one pair of induction modules being adjust¬ 
able in position independently of one another rela¬ 
tive to a flat material to be heated, said induction 
modules defining a flat region for receiving the flat 
35 material to be heated, 

said flat region having edges defining a width corre¬ 
sponding to a width of the flat material; 
each of said induction modules including two mutu¬ 
ally opposite U-shaped induction loops having 
40 invariable geometries and dimensions and being 
disposed above and below said flat region, said 
induction loops having base legs positioned a pre¬ 
determined distance from one of said edges of said 
flat region and wi thin said width of said flat region, 
45 and said induction loops having two side legs pro¬ 
jecting a predetermined distance beyond the other 
of said edges of said flat region; and 
said induction loops of said pair of said induction 
modules being open towards oppositely directed 
50 sides and only said side legs of said induction loops 

each projecting beyond a respective one of said 
edges of raid flat region. 

2. The apparatus according to claim 1, wherein each 
of said induction modules has a framework with an 

55 upper supporting arm and a lower supporting arm for 
mounting said two induction loops. 


FIG. 7 illustrates a basic position-regulating device 
for the induction modules. The pair of induction mod¬ 
ules 12 and a pair of induction mo dules 40 are provided 
in the example. The pair of induction modules 12 in- 60 
eludes the induction modules C and D and the pair of 
induction modules 40 includes induction modules E and 
F. The use of further pairs of induction modules is possi¬ 
ble, with each pair of induction modules being con¬ 
structed in the same way as described above with re- 65 
gard to FIGS. 1 to 6. 

The drive devices 25,31 of the induction modules C, 

D and drive devices 41,42 of the induction modules E, 


3. The apparatus according to claim 2, including 
lamination bundles each being associated with a respec¬ 
tive pup of raid induction loops far mounting said induc¬ 
tion loops on said framework. 

4. The apparatus ac c o rdin g to claim 3, including 
means associated with said frameworks for varying the 
position of raid induction loops relative to the flat mate¬ 
rial. 

5. The apparatus according to claim 2, inclu d in g 
means associated with said frameworks for varying the 
position of said induction loops relative to the flat mate¬ 
rial. 
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6. The apparatus according to claim 2, wherein said 
induction loops arc adjustable relative to said support¬ 
ing arms. 

7. The apparatus according to claim 6, including 
l a min a t ion-bundle suspensions cm said supporting arms 5 
serving as guide means for adjusting said induction 
loops. 

8. The apparatus according to claim 7, mclivlmg 
drive devices for adjusting said induction loops. 

9. The apparatus according to claim 8, including a 1 

temperature-profile measuring device for recording a 
temperature profile of the flat material after inductive 
cross-field heating has taken place, and a position con¬ 
troller receiving the temperature profile from said mea- 15 
suring device, receiving a predetermined desired profile 
and controlling said drive devices for adjusting the 
position of said induction loops independently of devia¬ 
tions between the recorded te m perature profile and the 
predetermined desired profile. 20 

10. An apparatus for the inductive cross-field beating 
of flat material, comprising: 


8 

flat material to be inductively heated traveling 
through the apparatus, said flat material having a 
width and first and second edges bounding said flat 
material; 

a pair of induction modules, said pair of induction 
modules being adjustable in position independently 
of one another relative to said flat matniah 
each induction module of said pair being formed by 
two U-shaped, mutually opposite induction loops 
respectively disposed above and below said flat 
material; said induction loops having invariable 
geometries and dimensions; mid induction loops 
having base legs being positionable a predeter¬ 
mined distance from said first edge of said flat 
material within said width of said flat material; and 
said induction loops having two side legs project¬ 
ing a predetermined distance beyond said second 
edge of said flat material; and 
only said side legs of said induction loops projecting 
beyond a respective one of said first and second 
edges of said flat material. 

• * * * * 
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ABSTRACT: A temperature control system usdul for epitaxi¬ 
al growth of silicon wafers in a reactor comprising in one em¬ 
bodiment an RF feedback loop and two temperature feedback 
loops, e.g. a thermocouple loop and an optical sensor loop. 
The structure and method disclosed generate error signalsso 

that correctional factors sequentially derived, in cascade form 

from the optical sensor loop, the thermocouple loop and the 
RF loop, provide a resultant signal employed to correct the 
reactor temperature. 
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1 

TEMPERATURE CONTR L SYSTEM 
FIELD OF THE INVENTION 

Systems for and methods of controlling the temperature in a ' 
heating system. Such control systems and methods include 
sensors such as thermocouples and pyrometers, and other 
sensing means, as well as digital and analogue controllers for 
controlling heat energy input to the vessel, reactor, or object jq 
being heated. 

BACKGROUND OF THE INVENTION 

Epitaxial growth is a technique in the manufacturing of 
semiconductor devices. The technique involves arranging, for 15 
example, silicon atoms upon a single crystal silicon substrate 
so that the lattice structure of the resulting layer is an exact ex¬ 
tension of the substrate crystal structure. The basic chemical 
reaction that takes place during the growth process is the 
hydrogen reduction of silicon tetrachloride, 20 

1150—°C.Sicl 4 + 2H, Si+4HC1 
this gas phase reaction, a gas which contains silicon atoms is 
passed over the substrate. Silicon atoms released from the gas 
phase by the reaction attach themselves to the substrate 
crystal structure. The elevated temperature required for the 23 
process varies from 1150° C. to 1250* C., depending on the 
desired growth rate. In-addition to growing epitaxial layers of 
intrinsic silicon, it is possible to grow layers with impurity con¬ 
centration, by adding doping gases such as boron, to the gas 30 
phase. 

A system for growing epitaxial layers generally contains 
three basic parts: the reaction chamber, the feed system, and 
the heating source, generally an induction generator. 

The reaction chamber usually consists of a long quartz tube 35 
with inlet and outlet at opposite ends, encircle by an induction 
coil. Silicon wafers are placed on rectangular graphite blocks, 
called boats, which move slowly at a constant rate through the 
reaction chamber. Heating is obtained indirectly by inductive 
heating of the boats upon which the wafers are tying. 40 

The feed system supplies H,, SiCL,, and the doping gases 
required and controls their quantities. Automatic control of 
gas flow is achieved in the system by well known means, and 
win not be discussed further. 

The induction generator (also called an RF generator) sup- 45 
plies, for example, 50KW output power at 6000V and 
350kHz. The current in the induction coil generates a mag¬ 
netic (and electric) field whose direction is parallel to the axis 
of the coil. The changing magnetic flux induces eddy currents 
in the graphite boats which, in turn, produce the heating ef- 30 
feet The developed beat is proportional to the RF current, its 
frequency, the resistivity of the material, and its permeability. 

Temperature is only one of the variables affecting epitaxial 
growth, but it is the hardest to control. When making semicon¬ 
ductor devices using the epitaxial technique, it is important to 
keep the product characteristics uniform from wafer to wafer. 
within a run, and from run to run. Two characteristics, film 
thickness and resistivity, are temperature dependent; hence, 
their uniformity requires precise temperature control. The gg 
function of a temperature control system is to insure tempera¬ 
ture repeatability from run to run. When RF beating is used 
temperature is controlled by the power supplied to the induc¬ 
tion coil. Temperature uniformity with respect to position in 
the reaction chamber, however, can only be effected 65 
manually, by varying the pitch of the induction coil. 

With increasing speed of semiconductor devices, greater ac¬ 
curacy than in.these prior systems, especially as to diffusion 
and growth rates, is required. While prior art systems have 
been sufficient for past needs, future demands for accurate 70 
device control via precise temperature control require im¬ 
proved temperature control systems. 

Thus, it is an object of this invention to allow the improved 
maintenance of accurate temperature control in a reactor 
system. 75 


2 . 

Another object is to allow improved control of epitaxial 
growth of semiconductor wafers in a reactor by allowing im¬ 
proved temperature control. 

Another object is to provide improved continuous control 
of reactor temperature, and thus, wafer temperature, in either 
a continuous flow or batch processing system. 

SUMMARY OF THE INVENTION 

The method and structure of this invention utilize a closed 
loop system for m aintai n ing a desired temperature in an 
epitaxial reactor of a continuous or batch processing line by 
utilizing two temperature sensors and a rapid control method. 

The system in one embodiment includes a conventional RF 
feedback loop and two temperature feedback loops, e.g. a 
thermocouple loop and an optical sensor loop, all sensing the 
same general area. A thermocouple is mounted in a susceptor 
material disposed between an induction coil and a quartz reac¬ 
tor tube disposed in i concentric arrangement thereto. In turn, 
an optical sensor scans the average surface temperature of 
wafers mounted on a carrier (of susceptor material) traveling 
within and through the quartz tube. 

In its broadest context, the optically sensed temperature is 
compared with a set point temperature to generate an error 
signal for correlation with the temperature sensed by the ther¬ 
mocouple loop which in turn generates a second error signal 
for correlation with the RF loop to provide a resultant signal 
which is employed to correct the reactor temperature. In ef¬ 
fect, correctional factors are sequentially derived, in cascade 
form from the optical sensor loop, the thermocouple loop, and 
the RF loop. 

The invention win best be understood when read in con¬ 
junction with the following drawings and general description. 

IN THE DRAWINGS 

FIG. I shows a prior art temperature control system for 
epitaxial growth systems. 

FIG. 2 shows a prior art parallel schematic of the RF 
generator of FIG. 1. 

FIG. 3 shows the temperature difference between the 
product and the control thermocouple in a system such as that 
ofFIG. I. 

FIG. 4 shows a (dock diagram of a temperature control 

system. 

FIG. 5 shows a block diagram of temperature control loops. 

FIG. 6 shows the time response of the system for a set point 
change of 1°C. 

FIG. 7 shows the construction of a silicon cell as used in an 
optical sensor. 

FIG. 8 shows a apparatus for calibration of optical sensors. 

FIG. 9 shows the measurement of uncompensated 
brightness temperature using an optical pyrometer. 

FIG. 10 shows the measurement of uncompensated 
brightness temperature using a radiation pyrometer. 

FIG. 11 shows the measurement of brightness temperature 
. compensated for attenuation in intervening media. ' 

FIG. 12 shows the temperature difference between the boat 
and the dummy load in an epitaxial system. 

FIG. 13 is a diagram of an apparatus for testing frequency 
response. 

FIG. 14 shows the logarithmic amplitude ratio plot for the 
dummy load temperature. 

FIG. 15 is a phase angle plot for the dummy load and the 
wafer temperature. 

FIG. 16 is a logarithmic amplitude ratio plot for the wafer 
temperature.. 

FIG. 17. is a logarithmic amplitude ratio and phase angle 
plots for change in power output 
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GENERAL DESCRIPTION 
l. Prior Art. 

1 One prior art control system is a control unit that provides 
four control modes: proportional, reset, rate, and rate of ap¬ 
proach. One such prior art control system is shown in FIGS. I- 

—3.: ■; ' 

This system'comprises an RF pickup coil 10, thermocouple 
11,' optical sensor 16, and set point , adjusting means 17. The 
function of the RF pickup coil 10 is to sense changes in RF 
. power and to provide for Cast compensation for line voltage 
chimgesL Temperature is measured by a thermocouple 11 
mounted in a stationary graphite Mock 12, acting as a “dum¬ 
my loath “ This “dummy load" is located between the coil 18 
and the quartz reactor tube 13. The temperature of the 
dummy load monitored by the thermocouple 12 is expected to 
vary only with a change in the magnetic field strength and is 
therefore proportional to the temperature of the boats 15. 
Since the dummy load 12 temperature and the wafer 14 tem¬ 
perature are known to differ, it is necessary to measure the 
wafer temperature off line with an optical sensor 16 such as an 
optical pyrometer and adjust the set point'via set point adjust¬ 
ing meant 17 td the controller to compensate for the dif¬ 
fidence in temperatures. 

RF power output is regulated by the system shown in FIG. 2. 
The analogue controller output voltage 20 is supplied to the 
control winding of a magnetic amplifier 21. The magnetic am¬ 
plifier 21, in conjunction with a SCR driver, is used to drive a 
three-phase self-saturating reactor 22 which is in series with 
' the lines feeding the primary circuit of the plate transformer 
23. The high secondary voltage is delivered through the recti¬ 
fier tube to the plate of the induction heating oscillator 24. By 
varying the control voltage, the plate voltage and therefore the 
power output, may be varied. 

The-relation between the thermocouple reading and the 
- product temperature for such a system, under controlled con¬ 
ditions, was determined by procedures described later and is 
plotted in FIG. 3. the difference between the product and the 
. control thermocouple is plotted on the ordinate; the wafer 
temperature is plotted on the abscissa. The difference is seen 
to vary between 78 to 91”C. It is possible to use this relation in 
making a new set point However, since a change in system 
variables, such as.an increase in. ambient temperature ex¬ 
perienced after several runs, will influence this relation, accu¬ 
rate control of the wafer temperature will not result. 

: Thus, this prior art system attempts to regulate or control 
object (wafer) temperature in a reactor system by a gross tem¬ 
perature reading, with manual adjustments being made from 
time to time depending upon a manually taken optical sensor 
reading. This results in a large and unacceptable temperature 
variation. Neither such manual adjustment nor such time vari¬ 
able; use of such adjustment is desirable in a reactor system, 
especially for epitaxial semiconductor wafer growth. While 
the RF beating system may be replaced with other heating 
systems, the temperature control problems above still are 
present. ‘ i. - - 

. ’ II. The Invention . 

A. Detailed Description 

The temperature control system of tins invention alleviates 
' the prior art control problems by providing rapid, automatic 
. temperature reading inputs to a data acquisition system, and 
’by correlating such inputs in a given manner, generates an 
error signal for rapid and continuous heat input correction, as 
to the RF coil. For initial clarity, the invention will first be 
described in a preferred embodiment 

. FIG: 4 is a block diagram of the temperature control system 
of the preferred'embodiment of this invention. The system in¬ 
cludes three control loops; an RF feedback loop 150; a ther¬ 
mocouple feedback loop 153; and an optical sensor feedback 

loop 154. 


The function of the RF pickup loop 150 is to provide fast 
compensation for line voltage changes. This voltage variation 
affects the plate voltage 'to the oscillator tube, as discussed 
previously, and, hence, the. amount of power output 
5 generated. The coil 151 generates an AC signal which is 
rectified and fed back. Over a small range this feedback signal 
is proportional to the controller output voltage. This DC signal 
is supplied as an input to differential amplifier 152, which 
generates an error voltage proportional to the difference 
*0 between the controller output voltage and the feedback signal. 

The thermocouple loop 153 via the thermocouple placed in 
the dummy block 155, and the optical sensor loop 154 via an 
optical sensor such as a radiation pyrometer 156 focused upon 
the wafer 157 provide a voltage output that is proportional to 
the temperature sensed. These signals are inputs to a sampling 
means t49, which samples the incoming signals on a time ba¬ 
sis, discussed later. The output from sampling means 149 is 
then input to a processing means 158, which processes the 
2 Q input si gnal in a manner described below in conjunction with 
FIG. 5, and inputs a resultant error signal to hold means 159, 
from which a final signal is input to the differential amplifier 
152, to control power output of the RF beating system via 
control of the RF generator 160. 

25 This processing unit may be, for example, an IBM 1800 
Data Acquisition System, where incoming signals are filtered, 
multiplexed, amplified, converted to digital form, processed, 
reconverted to analogue form, sampled, and fed back to the 
differential amplifier. 

30 FIG. 5 is a block diagram of the temperature control loops, 
153 and 154, input to sam pling means 149 and then processed 
in processing unit 158, then input to hold means 159 which 
holds the signal for a given time interval related to the sam¬ 
pling time, to allow a continuous signal output to be input into 
35 differential amplifier 152, for control of the RF generator 160. 
WITHIN FIG. 5 is shown part of the function of processing 
means 158, wherein the desired error signal £, is generated, 
and then fed into hold means 159. 

Thus, briefly, a thermocouple sensing means is located ad- 
40 jacent to the reactor to sense a gross temperature related to 
the internal temperature of the reactor, and generates a volt¬ 
age or signal related to the temperature sensed. Similarly, op¬ 
tical sensing means is focused upon the object to be heated 
within the reactor, generating a voltage or signal related to the 
temperature of the object upon which it is focused. These 
sensing means are related to the overall structure as shown 
above, and in operation coact as shown below. . 

B. Operation 

In operation, a first set point signal R, is generated, said 
signal related to the temperature at which it is desired to heat 
the object being heated, such as the semiconductor wafer. 
This first set point signal is then compared in comparing 
means 163 with the optically-sensed voltage 9,, from the opti- 
55 cal sensor loop 154, the difference between the first set point 
voltage R, and the optically-sensed voltage 6, constituting a 
first error voltage £,. 

Next, a k factor is generated, comprising the sum of the 
. prior occurring K factor and the prior occurring fust error 
60 voltage £,, the initial K factor at time equal to zero being 
made equal to the thermocouple sensed signal 73, at time 
equal to zero. In second comparing means 161, the first error 
signal Ei and the K factor are added, the sum constituting a 
second set point signal R,. Third comparing means 162 com- 
65 pares second set point signal R, with the thermocouple sensed 
signal 6,. the difference constituting a second error signal £,. 
This is a desired error signal. This error signal is then input to 
hold means 159 whose function is described later. 

9, represents the temperature of dummy load 155 that is 
70 located near the quartz tube of the reactor. Its temperature is 
stable, depending mainly on the magnetic field strength, but it 
does not reflect the temperature of flic product accurately. ’ 

9, reflects the wafer temperature measured accurately with 
a radiation pyrometer. Since the product may be moving from 
75 one end of the furnace to the other, this reading is not always 


45 
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available, i.e., at times the sensor will not be focused on the 
wafer. Therefore, this loop is sampled much less frequently 
than the thermocouple sensing loop 153. 

The optically sensed temperature is Fust corrected using a 
predetermined emissivity value, discussed later. As stated, this 5 
optically sensed temperature is compared with the set point 
temperature R t that is generated to the processing unit. The 
wafer and the dummy load are at different temperatures. 
Hence, in order to apply the resultant error term E, as a set 
point to the thermocouple control loop, it is necessary to 10 
know the relationship between these two temperatures. In 
general, this relationship will depend on some known and 
some unknown independent factors such as gas flow rate, boat 
speed, and reactor heatup. This relationship is determined on 
line. £, is summed with a constant error term. This error term *5 
is updated based on optica] samplings of the wafer tempera¬ 
ture using the following equation: 

*(NEW)=*(PREVIOUS) + C 1 (PREVIOUS) (1) 

The resultant error term is the set point to the thermocouple 
controlled loop 153. 20 

The complementary relationship between the dummy load 
temperature and the optically scored temperature is best illus¬ 
trated with an example. Referring to FIG. 5 assume: 

R, = 1200 * C is the set point 

at time—I assume the following readings 25 

g^iiso’c. 

0»= 1098*C. 

£t(4)= R|( 0-01(4) = 120(r- o = 20° C. 

Initially * is taken as 0,. 

R 1 =£ 1 (0 + *Oo) = 20' > +1098 ,, = 1118°C. 30 

Er =R,(t) - e,(faI0)=20° C. 

As expected, the temperature drop seen by the Optical sensor 
loop is also seen by the other loop. 

at time = t+T assume the following: 

0,= 1205'C. 

0>= 1119°C. 

E, ( 4 +T) = R, - 0,(rnJO+T)=—5* C. 

*(H-T)=*(4) + E i (w 0)= 1118° C. 
*.(4+T)==£ 1 (rtT)+A(r 0 D=-5 ,, +1118°= im*C. 

Ei = Ri(<+T) - 0, (4+T) = -6° C. 

This error correction continues until E, equals zero at which 
time R, re mains constant 

This error signal E, is now input to hold means 159. It b thus 
necessary to consider loop response times, to determine sam- 45 
pie times for sampling means 149 and frequency of signal out¬ 
put from the hold means 159 to differential amplifier 152. The 
purpose of this b so that the sample means can input signab to 
the processing unit that are meaningful, as a time response b 
associated with the temperature sensors to reflect a change in 50 
temperature, such change being evident as a change in signal 
voltage for such sensors. The hold means will bold the 
resultant error signal for this time interval, until a new signal b 
generated. 

It b assumed that the response of the RF pickup loop 150 b 55 
about 10 times faster than the temperature response. This as¬ 
sumption b verified by comparing Bode plots for the RF 
power and for the dummy load temperature. Therefore, only 
of concern b the forward path of the Rf loop transfer unction, 
which b included in the dummy load transfer function. 60 
Similarly, since the wafer temperature b sampled at a much 
slower rate than the dummy load temperature, variations in it 
are treated as set point changes. 

From the Bode plots in FIGS. 14 and 15, discussed later, ob¬ 
tain the following transfer function: 65 

G(S) = (a+.0095) (e+.095)> (2) 

where 

il=24.4|( l jw-(-.0095).(jw-|-.095) , j<a=.007=2.62X10^ 70 

(3). 

combining G(j) with the zero order hold; 

9 r (l-<~«T~. A T 

U L a (s+.0095)(8 + .095)»J ( 4 ) 75 


proceed to expand in partial fractions and obtain: 




38.3 


Tt + / 


7.29 


(s+ .0095) r (8 + .095) 

+ _-325_1 
^(8+.095)’J 


( 5 ) 


In a digital control system, the system must be described in 
sampled data form. Before converting to z transform notation, 
a sampling period must be picked. The sampling theorem 
states that, for a band limited signal, it b theoretically possible 
to recover completely the signal from its sampled form if the 
bandwidth of the former b limited to one-half the sampling 
frequency. Practical considerations require a sampling 
frequency of at least five times the bandwidth. 

The bandwidth of the dummy load temperature response b 
taken as the crossover frequency of the logarithmic amplitude 
ratio plot 

FIG. 14 shows that the crossover frequency for the dummy 
Load temperature response equals 0.11 cycles/second. There¬ 
fore, a sampling frequency of 1 cycle/second b reasonably 
higher. Hence the sampling period T b taken as 1 sec. higher. 

Now apply the z transform rules and obtain: 

38.3 

■ i 


7.29 


— u _—i\ 30 7 

CJ W \ l_,990552-*^! — .90938-* 


+ 


.2932-1 


(1-.90932-*) 1 


( 6 ) 


35 


40 


after simplifications 
, e n,.\ _-31(-1 +1.912-1-.43232- J -8.042-») 

U K ’ K ' (1 —. 990552 “*) (1 —. 90932 - 1 )* 

(7) 

factoring the numerator 

0(z ) - 31(1 + 1 . 4752 - 1 ) (-1 + 3 . 3852-1 - 5 - 4322 -*) 

(1 - .990552-‘) (1 - .90932-1)* 

The transfer function contains a zero outside the unit circle 
at—1.475, and poles at =99055 and .9093, the latter being a 
double pole. 

To satisfy the requirement for ripple free, finite settling time 
response the prototype response function X(z) must contain 
the zero of G(z). 

R(z) = (l + I.475z—*) (a,z—*) ( 8 ) 

1 — R(z) = (l — z—I) (1 +5.Z 1 ) (9) 

in equating terms, obtain two simultaneous relations: 
a, — 1 —i, 

1.475fl, = 6 , (10) 

a, = .404 
5, = .596 

X(z)=.404z—' + .596Z-* ( 11 ) 

The time response of the system for a step input b plotted in 
FIG. 6. 

The pulse transfer function b computed now as: 

1 K( 2 ) 


fl(2) = 


(7(2) 1-Kto 


( 12 ) 


D( 2 ) 


.4042-1—.5392-*—.6l2-»+1.2462-1—.4932-* 


—.ai+.Tiez- 1 -.^- 5 —2.79z- 1 +1.08z-i+1.492_‘ 

(13) 

Thb response b implemented by storing the last five sam¬ 
ples of the output 

Thus, the error signal E, b input to sampling means 149, 
which then utilizes a sampling period of 1 second. The output 
after processing b then input to the hold means, and then 
input to the differential amplifier 152, for ultimate control of 
the heating system via RF generator 160. 

Thus, thb invention automatically samples data from at 
least two functionally different points via thermocouple and 
optica] sensors, utilizing a sampling period and error cor¬ 
rection method designed to achieve accurate controllable 
temperature control in a reactor system. Manual reading er¬ 
rors and uncertain times of correction are eliminated, and a 
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superior single correction—a final error signal—generated to 
correct and maintain the entire system. 

- . While the invention has bran described above, in a specific 

■ .. embodiment for danty, it is important to understand the con* 

lidera lions and factors that allow the.invention disclosed to 
.... function in the manner disclosed. Thb requires an understand- 
■ .-;;V;. ing of (1) temperature measuring techniques and (2) direct 
: process control. 

!. . 1-Temperature Measuring Techniques 

;/ The well-known technique of measuring surface teropera- 

■ ' tore by sensing thermal radiation b becoming increasingly 
V'iy pop°hw in semiconductor manufacturing today. Hamlin in hb 

article "Multiple IR Heads for Complete Control of Tempera' 
ture and Growth Thickness in Epitaxial Reactors", IEEE In¬ 
ternational Convention Record, 1967, Part 14, pp. 52—57, 

" describes a system (not shown) of three infrared sensors raea- 
suring the temperature Of three reactor zones and feeding it to 
. ait analogue controller. Thb technique has the foUowing 
distinct advantages over other techniques of temperature 
. measurement: (1) Contact with the surface b not necessary, 
hence thb technique can be use in cases where contact mea¬ 
surement b not feasible. (2) It b the only technique available 
in corrosive or otherwise hostile environments. (3) The 
-. .. technique has good sensitivity to very small temperature 
changes over fixed or moving objects. (4) It has very fast 
V. »«ponse in most cases because of the absence of thermal mass 
' which limits the speed of response in thermal detectors. 

•' Thermal radiation detectors thus have some clearly desira- 
v.' ble characteristics. 

Thermal radiation detectors are divided into two general 
• • : : categories: optical pyrometers and radiation pyrometers. 

The measurement of temperature utilizing optical 
:: : pyrometry b based on the fact that the spectral radiant intensi- 
: ty from an incandescent body b a function of temperature. If 
the body b black (radiating all the energy it absorbs), the 
spectral radiant intensity b related to the temperature accord- 
'■>. ihg to Planck’s radiation equation: 

“ .Cs/xr-i . (14) 

• : A(*X the spectral radiant intensity at the wavelength X of a 

. : ■ black body at a thermodynamic temperature T; C, and Q are 

& the first and second radiation constants. Thus, if Nt ,X and the 
other parameters in equation (14) are known, it b possible to 
- ^determine the temperature. Absolute measurements of radia- 
r ; tion,-however, are very difficult to take. Therefore, NtK b 

■ generally measured relative to some standard spectral radiant 
'. )' intensity. This measurement b done by imaging the source 

whose temperature b to be determined onto the filament of 
: : the pyrometer lamp. Then the lamp intensity b varied until the 
' filament disappears into the background of the source. A 
: band-pass filter, b used to limit the instrument bandwidth. The 

matching b done manually using the eye as a detector, or au- 
'.. !.i -^ toinaticany, using a photomultiplier tube. The wavelength of 
• T *he pyrometer b fixed, according to the temperature range 
; over which it willbe used. Because objects at higher tempera- 
tures radiate at shorter wavelengths, pyrometers for tempera- , 
. tures above 1000° C operate in the visible spectrum. Optical 
pyrometers are accurate, and are often used to calibrate other 
sensors.' . 

- ‘An optical pyrometer b used in the calibration procedure of 

J: this invention, and will be described later. Its readings are used ( 
as a reference to check the stability of the radiation pyrome- 
...ter..- ..s. .... 

...•.•y ., 'A radiation pyrometer is a device that collects thermal 
~ • radiation from a target and then converts the thermal energy 

• ". iat0 30 «l ec wical signal. Only one type of radiation pyrometers i 

: "V 'i'ii “ here described, the silicon cell, which b used to measure the 

y X wafer temperature. It b recognized that other types may be 
ib use< ^ Jhe silicon.cell is a solid state device that generates an 
electric current when illuminated with near infrared radiation. 

: -j": The, structure "of asilicon solar cell b shown in FIG. 7. A thin 1 

r layer of p —type silicon 40 b laid on a thicker layer of n—type 

’ V. - * aicon 41. The negative contact 42 b deposited on the back 


i surface of the silicon, while a metallized strip 43 on the top 
surface forms the positive contact. 

If the contacts are electrically connected through a suitable 
resbtive load, a current flows in the circuit without the use of 
i 5 an external source. The current b proportional to the intensity 
of the incident radiation and, hence, to the temperature of in¬ 
terest. 

Optical pyrometers and radiation pyrometers infer tempera¬ 
ture by measuring radiated energy. Since radiated energy and 
10 temperature are related according to Planck's radiation law, 
the radiation pyrometer reading will be correct only for the 
case of a black body. Most real objects, however, do not 
radiate all the energy that they absorb; a part gets transmitted 
or reflected. Hence, most real bodies are not black bodies. 

15 Emissivity expresses the ratio of the energy radiated by a real 
body under a given set of conditions to the energy radiated by 
a black body under the same conditions. Emissivity values 
vary between 0 and 1, where unity b the emissivity of a black 
body. An uncalibrated sensor measuring a real body will 
20 therefore indicate a lower temperature than the true tempera¬ 
ture. Emissivity b dependent on the material, surface condi¬ 
tion, temperature and wavelength of the measuring instru¬ 
ment Since the emissivity of, for example, silicon wafers va¬ 
ries widely, it b important to calibrate the sensors so that the 
25 true temperature may be known. 

An empirical calibration method b here employed. 

The purpose of thb method b the following: 

1. To obtain the temperature difference that might be ex¬ 
pected between the temperature of the "dummy load” 

30 and the temperature of the wafer under fixed conditions. 

2. To measure the emissivity of the wafer in the applicable 
temperature range. 

The measurements are taken for the two types of optical 
sensors, however, the radiation pyrometer b of primary con- 
35 cent. The optical pyrometer b used to compare measurements 
and to evaluate the repeatability of the radiation pyrometer. 

FIG. 8 shows a block diagram of the apparatus used in thb 
calibration. 

Thus, the apparatus includes epitaxial reactor 50 whose 
40 temperature b controlled by means of analogue controller 51 
and a control thermocouple 52 via the RF generator. It further 
includes a measuring system consisting of a measurement 
thermocouple 53 embedded in a carbon boat 58 and the opti¬ 
cal sensors, radiation pyrometer 54, prism 56, and optical 
45 pyrometer 55. The recording system consists of a plata aquisi- 
tion system, such as an IBM 1800 Computer 57, program con¬ 
trolled to sample the points and list the results. 

The black body used for calibration consists of carbon 
block 50 with a hole paralleling its long axb. The measuring 
50 thermocouple 53 b inserted in thb hole. The wafer 59 b 
placed on the block in a double notch arrangement for better 
temperature uniformity, and the center of the wafer b aligned 
with the thermocouple tip. Because of the close proximity of 
the thermocouple to the target area of the wafer, the ther- 
55 mocouple measures the thermodynamic temperature of the 
wafer. 

The emissivity of the wafer for a given temperature and 
wavelength b computed using the following formula: 

e=spectral normal emissivity 
X = effective wavelength of the sensors 
= 0.6450 microns for the optical pyrometer 
65 = 0.9 microns for the radiation pyrometer 

T t —Thermodynamic temperature 
T b = Brightness temperature (temperature sensed by the 
pyrometer) 

C=a constant, 14380.0 micron °K 
70 In thb system there b, beside emissivity, another factor that 
affects T„. The sensors are sighted through the quartz tube 60 
and there b some loss of thermal energy in the wall. There are 
also losses in the prism 56. In order to obtain T„ thb loss has to 
be accounted for. Thb b done by taking two measurements: 

75 First, the sensors are sighted on the wafer 59. Readings of 
the sensors (V) and of the measuring thermocouple S3 are 
taken. 
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Second, the sensors are sighted on an opening in the carbon 
block 58 (emissiviiy»l) in the near proximity of the ther¬ 
mocouple 53 tip. Again readings of the sensors 54, 55 and of 
the measuring thermocouple 53 are taken. The temperature 
difference due to losses in the quartz and prism wall aT is then 5 
computed and added to T a '. 

T a —T t ' + oT 

Measurements are taken over a range of 165“ C at 10° C in¬ 
tervals. The temperature is changed by varying the set point 
for the control thermocouple 52. All three sensors 53, 54,55 *0 
provide voltage inputs to the 1800 system and are scanned 
simultaneously. The readings are averaged by the computer 
with an average taken every 10 readings (4 sec.). Tempera¬ 
ture stability of 1“ C b insured before taking a calibration 
point 

FIGS. 9—11 show the comparison of uncompensated and 
compensated temperature readings on this calibration. 

FIG. 9 and FIG. 10 plot the uncompensated brightness tem¬ 
perature for the optical pyrometer and for the radiation 
pyrometer respectively. FIG. 11 b the plot of the brightness M 
temperature compensated for losses in the prism and quartz 
wall in the case of the radiation pyrometer. 

The plot shows that the radiation pyrometer readings are 
lower by a constant amount from the optical pyrometer 25 
readings^ 

Note that in FIGS. 9 & 10 the two stales are different If 
they are made equal, the two plots show approximately the 
same values. The apparent discrepancy between these plots 
and FIG. lib explained by the fact that in the case of the opti- jq 
cal pyrometer, there b a reduction in radiant intensity due to 
losses in both the prism and the quartz wall. In the case of the 
radiation pyrometer, here are only losses in the quartz wall. 

The additional losses in the optical pyrometer measurements 
made the readings appear identical. In FIG. 11, where the 35 
readings, are compensated for losses, the difference between 
the plotted points b evident. 

The emissivity values are computed using formula (15) and 
are based oh a linear curve fitting. The values are as follows: 

For the Optical Pyrometer 40 

< «* 0.30 U40grSl280 D C. 

For the Radiation Pyrometer 

t “ 0.38 1140^7 jl280“C. 

The emissivity correction b applied to the wafer measure¬ 
ment as described in the section on the control system, 45 
discussed later. 

FIG. 12 shows the relation between the control thermocou¬ 
ple reading and the product temperature as monitorized with 
the measurement thermocouple under controlled conditions. 

2. Direct Control of Process 

Experimental frequency response data b needed for design 
of the parameters employed in the sampling means. Thb data 
b used to determine the loop transfer functions, discussed 55 
previously in connection with FIG. 5. 

a. Theoretical 

The determination of a transfer function when a forcing 
function b applied at the input, and a response b measured at 
the output is a well-known way of arriving at the dynamic 60 
characteristics of a linear time-invariant system. When initial 
conditions may be ignored, the relationship between the input 
forcing function and the output response function b given by: 

„ . _ .. Output Response 

Transfer Function=_ ^ . — 65 

Forcing Function 

A straightforward way of testing system dynamics b to apply 
a sinusoidally varying input at a given frequency and observing 
the steady state amplitude and phase of the response. Thb 
procedure b then repeated for different frequencies. Nor- 70 
mally, it will be required to cover at least two decades of 
frequency. The input and output quantities are recorded 
simultaneously. The test b sustained long enough to permit 
the initial transients to disappear, leaving only the steady state 
conditions. Several complete cycles are generally required be- 75 


fore the transient characteristics of the output signals become 
negligible. 

Certain assumptions are made in determining these 
frequency response relationships. 

Assume that the behavior of the system can be described by 
an n" 1 order linear differential equation with constant coeffi¬ 
cients. Designate as x(t) the input to the system, or the inde¬ 
pendent variable and y(t) y(t) the output of the system, or the 
dependent variable. Further assume zero initial conditions of 
y(t) and 4(t) and their first (n— 1) and (m— 1) derivatives, 
respectively: 


•*«> 


...m&M 

^ dt" 


X , X dx(t) , L <Px(t) . r ^ 

=&„z(0+&i-^+i*-^-+ • • • 

( 

J’(0)=y'(0)=...y-'(O)=O ( 

x(0)=jr'(0)=...*~'(O)=O ( 

Now apply a sinusoidal excitation at the input: 

x(r)=asino>r ( 

and solve for the response y(»). 

Rewriting (16) in summation notation: 

^ dkp(l) ” d*X(t) 
and taking the Laplace transform of (8), 

(S«k» k )na)=^Z) 6k» k ^(a) 


0 

#(«)=S°** k 

0 


K(*) = 


N(s) A. 

/)(<) 


W O(t) (25) 

The steady state response of T(r) comes from the pure 
imaginary poles of the driving function or the pure imagin ary 
poles of G(s). 

Assume that the real part of the poles of G(r) are negative, 
therefore G(r) can not have pure imaginary poles. Hence, 
only the poles of the driving function contribute to the steady 
state response. 

It follows that the steady state response of the system b: 

I/..= E residues of 1 

(a-f-jw) |»-j. 

ftt 8 ——Ja 

. y-w X At*#* I A~,. v r 1 t 


+G(«) 


0-j“) 1. 2 j 




expressing G(jv) as a product of magnitude and phase 
G(/m)= I G(jot) I efiV 


G(—Jo>) == | C(/w) | e— 1 '0V (28) 

the following is obtained, 

y„(/)=X |g(/o>) | sin [<ur —0(u) ] ■ (29) 

The steady state response data b usually shown as Bode 
plots, one for the amplitude ratio and one for the phase angle. 

Theoretically, it b not necessary to use sinusoidal forcing to 
arrive at the system response. The same information can be 
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obtained by applying an arbitrary pulse-like disturbance to the 
input. For a linear system and arbitrary input x(t), the 
technique is to obtain the Fourier transform of the indepen¬ 
dent and dependent variables. 

'■ The transfer function is obtained by dividing the dependent 
variable Fourier transform by that of the independent varia¬ 
ble: 


f 


y(Oe- | “*d< 


J ’Tx 
a 3 




Y 1 

X(ja>)e G{ja) 


(30j 


. "Since both XO and x(l) are pulses and go to zero for finite 
time; they are Fourier transformable and the integrals may be 
evaluated for each value of a. This is done using numerical in¬ 
tegration. 

; The pulse method is especially attractive fortesting chemi- 
: cal processes since it can be conducted during normal produc¬ 
tion runs and can be implemented with readily available 
equipment. 

b. Operation 

A block diagram of apparatus for these measurements is 
shown.in FIO. 13,.showing radiation pyrometer 100, ther- 
: mocouple 101, pickup coil 103, DC supply 103, signal genera¬ 
tor 104, and related equipment 

- The frequency response measurements thus taken help 
determine a suitable sampling rate, and obtain the open loop 

- transfer function. This transfer function is used in the sam¬ 
pling procedures. 

In operation, a sinusoidal disturbance is introduced at the 
input to the system by varying the control voltage to the mag- 
"■ netfc' amplifier. 105. The response of three input variables is 
monitored. The variables are: the wafer 107 temperature, the 
dummy block. 100 t em per a ture, and the variation in power 
output sensed by the pickup cod 102. 

The control voltage is varied by means of signal generator 
104. The readings are taken at a typical operating range of the 
system, about 1150“C. First, the system hallowed to stabilize 
at that temperature and then the disturbance is introduced. 
The tine wave m this case h riding an 18V DC signal. The sine 
amphtude is 2V initially, hi order to excite the system suffi¬ 
ciently at higher frequencies, it is necessary to increase the 
■ amplitude gradually up to 8V maximum. The system is al¬ 
lowed to reach steady state at each frequency. 

The various: variables are monitored by a multichannel 
oscillograph 109. Its fast response does not delay the output 
s i g n al s . Also, because of their fast responses, the radiation 
pyrometer 100 (1 ms) and the thermocouple 101 do not affect 
the measurements. 

The results are shown graphically in FIGS. 14—16, which 
Bodevplots were used in determining the sampling period 
discussed previously in connection with FIG. 5. 

- The frequency response of the three output variables is 
shown graphically as Bode plots. The logarithmic amplitude 
ratio plot for the dummy load temperature is shown in FIG. 
14, -The transfer function is approximated by a third order 
system with a single pole at 0.0095 cycles/sec., and a double 
pole at 0.095 cycleVscc. The theoretical and experimental 
transfer ftinctions are in good agreement except at above 0.12 
cycles/sec. At this frequency range it is necessary to apply 
large amplitudes of the input disturbance in order to exdte the 
system sufficiently. The system, under this condition, is 
• probably no longer linear. The phase angle plot for both the 
dummy load temperature and for the wafer temperature is 
given in FIG. 15.. 

The logarithmic amplitude ratio plot for the wafer tempera¬ 
ture is shown in FIG. 16. The phase plot is not shown as this 
was almost identiiral to the phase plot shown in FIG. 15. As ex¬ 
pected, the amplitude ratio plots are in agreement except that 
the wafer temperature has a lower DC gain. This is expected 
since ;the uncompensated reading of the wafer temperature 
was lower than the dummy load temperature. FIG. 17 is the 
logarithmic amplitude ratio and the phase angle for the RF 
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power output. The band-pass is about 10 times higher than the 
temperature band-pass. 

In the above experimental determinations, another cor¬ 
rectional factor was necessary to nontheoretically perfect 
5 system conditions. 

Some of the energy that is supplied to the induction heating 
escapes from the process and interferes with the operation of 
the IBM 1800 computer and other equipment that is present 
in the same room. The RF interference causes erroneous 
0 readings of the analogue signals applied to the 1800 system. 
The interference also causes the oscillograph readings to 
become noisy. Therefore, this noise problem must be solved 
before the work described above can be carried out 
I j Shielding the RF coil with an alu minum case is effective in 
greatly reducing the effect of the interference on the 1800 
readings and practically eliminating the effect on the oscillo¬ 
graph readings. In addition to the shielding, low pass filters are 
installed on all the signal lines that are brought from the 
20 epitaxial system to the 1800. This reduces the noise to a 
tolerable level. 

The following is a brief summary of these considerations 
and the reasons for them. 
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GENERAL SUMMARY 


The increasing complexity and density of integrated circuits 
require close tolerances of the product specifications. Since 
temperature has a significant effect on the product charac- 
jq teristics in the epitaxial growth system, close temperature con¬ 
trol is required to insure product uniformity. In order to im¬ 
prove the level of a control system it is necessary to measure 
the deposition temperature more accurately. The technique of 
radiation pyrometry provides a solution to this difficult 
3 5 problem. The transfer function of the system is determined ex¬ 
perimentally from its frequency response. This method is 
preferred over the method of pulse testing because the desired 
test response is readily distinguished from other responses 
present in the system, and because it is believed to lead to a 
40 more accurate model of tbe system. 

The advantage of this system compared to other systems is 
the more accurate control of the deposition temperature. 
However, another advantage is due to the use of Direct 
Process Control (DPC). 

45 With a DPC system, control calculations such as the emis- 
sivity corrections are readily implemented in a computer 
which includes the processing means and sample and bold 
means. Also with a DPC system, individual hardware elements 
are replaced with the time shared components of the control 
50 computer. In a digital system, the measurement of analogue 
signals from the transducers is accomplished via multiplexed 
components in the analogue to digital converter section. In¬ 
dividual ret point stations for each controlled variable are 
replaced by keyboards and switches that permit the operator 
to manually enter set points and other data for individual con¬ 
trol loops. By utilizing multiplexed components, a data 
acquisition system such as the IBM 1800 system can sample 
and control about 100 loops per second with one analogue to 
digital converter. 

The software required to implement the control algorithm is 
a part of a larger DPC program that is utilized to control tem¬ 
perature, flow and other process variables. Given the prior in¬ 
formation and desired result, a programmer skilled in the art 
65 can program the computer. Thus, heating means other than 
RF may be used, such as electrical resistance or gas, for exam¬ 
ple. The important quantities to be measured or used is tbe 
gross temperature of the reactor and the surface temperature 
of the reactor and the surface temperature of the object being 
70 heated, such as the semiconductor wafer, or for gas phase 
reactions, an area of the reactor itself. The means for obtain¬ 
ing the error signals need not be as complex as an IBM 1800 
system. The method disclosed is applicable beyond epitaxial 
growth processes, but to general heating systems and 
75 problems. 
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What is important is that signals representative of the tem¬ 
peratures involved be generated so that error signals may be 
generated for correcting the beat input to the reactor. The 
heat energy input controllers, of course, may be responsive to 
more than one signal, as shown in the specification, where the 
signal from the RF pickup coil is combined with the error 
signal to allow a correction to be made. 

Further, certain situations are evident where the “object to 
be heated” is a specific zone in the reactor, rather than an ob¬ 
ject such as the semiconductor wafer. Thus, for gas reactors 
requiring certain temperature minimums or maximums, for 
disassociation or association, the temperature of a given zone 
in the reactor would be sensed. 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, it 
will be understood by those skilled in the art that various 
changes in form and details may be made therein without de¬ 
parting from the spirit and scope of the invention. 

I claim: 

1. A system for obtaining a desired temperature of an object 
being heated in a reactor, comprising: 

a reactor, 

energy input means for heating said reactor, 

thermocouple sensing means located adjacent said reactor 
to sense a gross temperature related to the internal tem¬ 
perature of said reactor, said thermocouple sensing 
means generating a voltage related to the temperature 
sensed; 

optical sensing means focused upon the object to be heated 
within said reactor, said optical sensing means generating 
a voltage related to the temperature of the object upon 
which it b focused; 

means for generating a first set point voltage, related to the 
temperature at which it b desired itp beat the object being 
heated; 

first comparing means for comparing said first set point 
voltage with said optically sensed voltage, the difference 
between said first set point voltage and said optically 
sensed voltage constituting a first error voltage; 

means for generating a X-factor comprising the sum of the 
prior occurring k-factor and the prior occurring first error 
voltage, the initial X-factor at time equal to zero being 
made equal to said thermocouple sensed voltage at trine 
equal to zero; 

second comparing means for adding said first error voltage 
and said k-factor, the sum constituting a second set point 
voltage; 

third comparing means for comparing said second set point 
voltage with said thermocouple sensed voltage, the volt¬ 
age difference constituting a second error voltage; and 

heat supply control means for controlling the energy input 
to said reactor, said heat supply control means responsive 
to said second error voltage to adjust the energy input to 
said reactor to control the temperature of the object 
being heated. 

2. The system of claim 1 wherein said beating means b an 
RF heating unit. 

3. The system of claim 1 wherein said thermocouple sensing 
means comprises a thermocouple embodied in a dummy block 
located externally adjacent said reactor. 

4. The system of claim 2 wherein said thermocouple sensing 
means comprises a thermocouple embodied in a dummy block 
located externally adjacent said reactor and between the in¬ 
duction coils of said RF heating unit arid said reactor. 

5. The system of claim 1 wherein said optica) sensing means 
b a radiation pyrometer. 

6. The system of claim 1 wherein said optical sensing means 

is an optical pyrometer. i 

7. The system of claim 1 wherein said optical sensing means 

b corrected for emissivity errors. ) 

8. The system of claim 1 including sampling means to allow 

input from thermocouple sensing means and said optical 
sensing means to said first and third comparing) means to 
occur at predetermined time intervals. 1 
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9. The system of claim 1 including hold means responsive to 
said second error voltage, to maintain a constant error voltage 
input signal to said heat supply control means for a predeter¬ 
mined time interval. 

5 10. The system of claim 1 wherein said means for generating 

said first set point voltage includes means allowing said first 
set point to be varied to reflect a desired related temperature 
to which the object is to be heated. 

11. The system of claim 1 including means for introducing a 
IQ desired gas into said reactor. 

12. The system of claim 1 wherein said object to be heated 
comprises a zone within said reactor. 

13. A system for obtaining a desired temperature of a 
semiconductor wafer in an epitaxial growth system wherein 

1 ^ said wafer b being heated in a reactor, including means for in¬ 
troducing a desired gas into said reactor, comprising: 
energy input means for beating said reactor, 
thermocouple sensing means located adjacent said reactor 
to sense a gross temperature related to the internal tem- 
2° perature of said reactor, said thermocouple sensing 

means generating a voltage related to the temperature 
sensed; 

optical sensing means focused upon the semiconductor 
wafer within said reactor, said optical sensing means 
generating a voltage related to the temperature of the 
wafer upon which it b focused; 
means for generating a first set point voltage, related to the 
temperature at which it b desired to heal the wafer being 
, 0 heated; 

first comparing means for comparing said first set point 
voltage with said optically sensed voltage, the difference 
between said first set point voltage and said optically 
sensed voltage constituting a first error voltage; 
means for generating a X-factor comprising the sum of the 
prior occurring X-factor and the prior occurring first 
error voltage, the initial X-factor at time equal to zero 
being made equal to said thermocouple sensed voltage at 
time equal to zero; 

40 second comparing means for adding said first error voltage 
and said X-factor, the sum constituting a second set point 
voltage; 

third comparing means for comparing said second set point 
voltage with said thermocouple sensed voltage, the volt- 
45 age difference constituting a second error voltage; and 

heal supply control means for controlling the energy input 
to said reactor, said heat supply control means responsive 
to said second error voltage to adjust the energy input to 
said reactor to control the temperature of the semicon- 
5Q ductor wafer being heated. 

14. A method for controlling the temperature of an object 
being heated in a beating system, said beating system compris¬ 
ing a reactor, energy input means for heating said reactor, and 
heat supply control means responsive to a voltage input to ad- 

55 just the energy input to said reactor, comprising the steps of: 
placing a thermocouple sensing means adjacent said reac¬ 
tor, to sense a gross temperature related to the internal 
temperature of said reactor, said thermocouple sensing 
means generating a voltage related to the temperature 
60 sensed; 

focusing an optical sensing means upon the object to be 
heated within said reactor, said optical sensing means 
generating a voltage related to the temperature of the ob¬ 
ject upon which h b focused; 

65 generating a first set point voltage, related to the tempera¬ 
ture at which it b desired to heat the object to be heated; 
comparing said first set point voltage with said optically 
sensed voltage, the difference between said first set point 
voltage and said optically sensed voltage constituting a 
70 fust error voltage; 

generating a X-factor comprising the sum of the prior oc¬ 
curring X-factor and the prior occurring fust error volt¬ 
age, the initial X-factor at time equal to zero being made 
equal to said thermocouple sensed voltage at time equal 
75 to zero; 
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adding, said: first error voltage and said AC-factor, the sum 
constituting a second set point voltage; 
comparing said second set point voltage with said ther¬ 
mocouple sensed voltage, the vohage difference con- 
! stituting a second error voltage; 

' entering said second error voltage into said heat supply 
means, wherein said heat supply control means adjusts 
: the energy input to said reactor to control the tempera¬ 
ture thereof. 

' 15. The methiod of claim 14'wherein said object to be 
heated comprises a zone within said reactor. 

■ ! 16. A method for determining the error correction necessa- 

•: ty to obtain a desired temperature of an object being heated in 
’i ' i sreactor, the enor correction being used for adjusting the 
beat input to the reactor, comprising the steps of: 
placing a thermocouple sensing means adjacent said reac¬ 
tor, to sense, a gross temperature related to the internal 
> : . temperature of said reactor, 

[ " V focusing an optical sensing means upon the object within 
' said reactor, to sense a temperature related to the internal 
■ ; temperature of said reactor, . 

. ' focusing an optica] sensing means upon the object within 
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said reactor, to sense a temperature related to the tem¬ 
perature of the object upon which it is focused; 

determining a set point temperature to which it is desired to 
heat the object; 

S subtracting the optically sensed temperature from the set 
point temperature to obtain a first temperature error cor¬ 
rection; 

determining a A-factor comprising the sum of the prior oc- 
curing AC-factor and the prior occurring first temperature 
10 error correction, the initial JC-fector at time equal to zero 
being made equal to said thermocouple sensed tempera¬ 
ture at time equal to zero; 

adding said first temperature error correction and said K- 
factor, the sum constituting a second set point tempera- 
IS tore; 

subtracting said thermocouple temperature from said 
second set point temperature to obtain a final tempera¬ 
ture error correction, said final temperature error cor¬ 
rection indicating the amount of adjustment needed to 
20 heat the input to the reactor to obtain the desired tem¬ 
perature of the object 
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line 47 "350kHz." should read —350KHz.~. 
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"at time = t" should read — at time = t 
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"R^(t)" should read —R,(t„)—. That 
portion reading "1200°-"" should read 
—1200°-1180°—. 

That portion of the formula reading 
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Column 8, line 76 Delete "T h ') n and substitute therefor 

Column 9, line 5 In the formula^ that part reading "+al 

should read —AT—. 

Column 9, line 4 After "wall" delete "aT” and substitut 

therefor --AT—. 

Column 10, line 11 After "and" delete "4(t>" and substitu 

therefor —x(t)—. 

Column 10 Formula (20) That portion of the form 

reading 

" d^X(t) " should read — d^x (t) — 
dt k dt k 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a temperature 
controller capable of stably 
controlling temperature with high accuracy 
excluding adverse effects from the 

discontinuous temperature detection amount, when a 
rapid heating is switched to 
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a heating for holding a temperature level. 

SOLUTION: An induced heating device 10 is used 
for the anneal heating of a 

plate joint welding part of a cold rolling line. 
The induced heating device 10 

comprises an inductor 11, a high-frequency power 
source 12, a radiation 

thermometer 13 for measuring the temperature of a 
seam part, and a PC 

(programmable controller) 14 for performing 
temperature control from the 

temperature rise to holding of temperature. PC 14 
inputs a measured 

temperature &theta;r, a target temperature 
&theta;s, a temperature rising set 
voltage V<SB>1</SB> and a temperature holding set 
voltage V<SB>2</SB>, and the 

voltage E of the high-frequency power source 12 is 
adjusted to a specific 

value. Two kinds of settings, that is, the 
temperature rising set voltage 

V<SB>1</SB> and the temperature holding set voltag 
V<SB>2</SB> can be switched 

on through (&theta;s-&alpha;) &deg;C. After the 
switching, the PID control is 

executed after the time to reach the temperature 
balance condition has passed. 

&alpha;is calculated from 

&alpha;=aX<SP>&beta;</SP>+b [where X is the 
temperature rising output, X=V<SB>1</SB>, (a) is a 

coefficient, (b) is a 

constant, and &beta; is 2.0 in the case of 
voltage]. 
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